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Summary 
This report describes the soil and land resources of the Shay Gap study area (SA), 
which is south of Wallal Downs Station, in unallocated Crown land in the Shire of East 
Pilbara (Figure 2.1). It assesses the study area’s capability for three types of irrigated 
agriculture and examines land resources to ensure any future irrigation developments 
are sustainable and do not degrade the environment. 
The Shay Gap SA lies within the West Canning Basin, an area of about 3500 square 
kilometres (km2) at the western margin of the onshore Canning Basin. The West 
Canning Basin has a substantial groundwater resource that provides fresh and fit-for-
purpose water for a variety of uses. The sustainable yields for human use — including 
irrigation — from aquifers in this basin are being investigated independently of this 
report. 
Land use is intensifying nearby, via irrigation of soils and landforms similar to the Shay 
Gap SA. Small- to medium-scale horticulture enterprises have been developed over the 
past 30 years in the La Grange area. Recently, irrigated fodder cropping has been 
developed north of the Shay Gap SA. 
The soils of surrounding areas that are currently used for irrigation are deep red sands 
and red sandy earths. They are well drained to rapidly drained and have no perched 
watertable, potentially enabling year-round production. Analyses from established 
horticultural properties indicate soils do not show any chemical or major physical 
limitations that would prevent their use for irrigated agriculture, provided that production 
systems maintain a balanced water and nutrient regime for optimal crop growth. 
The main degradation hazard limiting the agricultural capability of soil and landscapes in 
the Shay Gap SA is erosion by wind and water. Other hazards — subsoil acidification 
and compaction — will require ongoing monitoring and management intervention. 
The ionic constituents of irrigation water will require monitoring and may influence 
management practices because of the low pH and phosphorus buffering capacity of the 
soil. Water chemistry of irrigation water may increase subsoil alkalinity and alter soil 
cation ratios to make soil more prone to physical degradation, requiring deep-ripping 
combined with applications of gypsum and organic matter to remain productive. 
This land assessment identified 1430 hectares (ha) of land with fair capability for 
irrigated agriculture of high productive capacity, and another 11 000ha with fair 
capability for irrigated agriculture of moderate productive capacity, should sufficient 
water reserves be identified.  
Land in the north-west of the Shay Gap SA was identified as being the most suitable for 
irrigated agriculture. We expect that larger areas of similar soils and landforms exist to 
the north and north-east of the Shay Gap SA. However, these areas were not formally 
identified because they were outside the scope of this study. Another 45 000ha in the 
central and eastern parts of the study area has fair capability which could be developed 
with rigorous planning and management, provided water supplies can be developed. 
This study helped to develop a greater understanding of soil formation processes of the 
West Canning Basin, which we document to assist future studies of land resources for 
irrigation development in the area. 
1  Introduction 
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1 Introduction 
The Shay Gap SA occupies unallocated Crown land within the West Canning Basin. 
The area was identified for its prospective suitability for irrigation development, as part 
of the Water for Food initiative. Land use is intensifying nearby, via irrigation of soils and 
landforms similar to the Shay Gap SA. Small- to medium-scale horticulture enterprises 
have been developed over the past 30 years in the La Grange area. Recently, irrigated 
fodder cropping has been developed north of the Shay Gap SA. 
In December 2015, the Department of Regional Development subcontracted the 
Department of Agriculture and Food, Western Australia — both agencies now form the 
Department of Primary Industries and Regional Development (DPIRD) — to conduct a 
soil survey of the study area. The Department of Water (now the Department of Water 
and Environmental Regulation) conducted hydrogeological studies to determine what 
water resources could be sustainably extracted for irrigation. 
This report describes the soil and landforms of the Shay Gap SA. It assesses the study 
area’s capability for three types of irrigated agriculture and examines land resources to 
ensure future irrigation developments are sustainable and do not degrade the 
environment. 
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2 The Shay Gap study area 
The Shay Gap SA is about 200 kilometres (km) east of Port Hedland in the Shire of 
East Pilbara, occupying 88 714 hectares (ha) of unallocated Crown land at the western-
most margin of the Great Sandy Desert (Figure 2.1). The Shay Gap SA is named after 
the abandoned mining town of Shay Gap and the remains of the town are about 20km 
south of the study area’s southern boundary on Boreline Road. We named the study 
area after Shay Gap (instead of the West Canning Basin SA) to differentiate it from the 
broader West Canning subregion, which is being investigated for groundwater 
resources.  
Access to the Shay Gap SA is difficult, with Boreline Road (oriented north–south) the 
only gazetted road traversing the area. To the north lies the Great Northern Highway, 
which links Port Hedland (200km west) to Broome (400km north-east). To the east, the 
Nyangamarta Highway (previously known as the Kidson Track) provides a transport 
route to the Great Northern Highway for Aboriginal communities in the Great Sandy 
Desert. It also provides access to the eastern part of the Shay Gap SA via spur tracks. 
Several seismic lines, mineral and water exploration tracks and station tracks traverse 
this and similar areas on nearby stations and unallocated Crown land. Several of these 
tracks were repaired for recent hydrogeological studies, providing reasonable access 
across the Shay Gap SA at a broad scale. However, other tracks have fallen into 
disrepair. The sandy nature of the surface, combined with the fire-prone, scrubby acacia 
and spinifex make off-road travel arduous and impractical. 
2  The Shay Gap study area 
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Figure 2.1 Locat ion of  the Shay Gap study area 
2.1 Surrounding land uses 
The Shay Gap SA is bordered by Pardoo Station to the west, Wallal Downs Station to 
the north, Muccan Station to the south-east, and Yarrie Station to the south. The 
eastern margin is defined by an arbitrary boundary through unallocated Crown land, 
defined by the project sponsors (Figure 2.2). This boundary runs roughly north–south 
along longitude 120°41.0’E, thereby excluding the majority of land under native title 
determination. 
The Shay Gap SA occurs near traditional lands of the Ngarla People to the north-west, 
the Nyamal People to the south-west and the Nyangumarta People to the east and 
north, and partly overlaps the Nyangumarta Native Title Determination Area. 
The major economic activities of the region are mining and pastoralism, with some 
tourism occurring largely in the dry season from April to September. 
Pastoral activity on Wallal Downs, Pardoo, Yarrie and Muccan stations is beef cattle, 
with stock being trucked about 400km north-east to Broome Port for export, or south for 
domestic markets. Livestock wander into the Shay Gap SA from time to time, but the 
paucity of natural and artificial water sources limit their grazing to areas near the 
pastoral leases. 
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Figure 2.2 The Shay Gap study area and surrounding features, land uses and 
native t it le determination areas 
Pardoo and Wallal Downs stations have recently established centre-pivot irrigators 
north of the Great Northern Highway and near the coastal plain, on country that is 
superficially similar to the study area. Both irrigation precincts tap into the artesian 
Wallal aquifer. These new ventures are currently trialling various pasture and fodder 
crops to feed their cattle. 
Further north and east lie Eighty Mile Beach and the Mandora Salt Marsh. The former is 
a marine park registered under WA legislation, and both are registered as Wetlands of 
International Importance under the Ramsar convention, administered by the Australian 
Government’s Department of the Environment and Energy (Department of Parks and 
Wildlife 2014; Department of the Environment and Energy n.d.). 
The Eighty Mile Beach Caravan Park is located on the coast, north of the Shay Gap SA, 
with access through Wallal Downs Station. It provides eco-tourism opportunities centred 
on the marine reserve. Pardoo Roadhouse and Pardoo Station Stay provide facilities 
and accommodation to the west, and Sandfire Roadhouse provides facilities and 
accommodation to the north-east. 
Water is extracted from the Wallal aquifer from BHP Billiton’s Shay Gap borefield, 
immediately south of the study area along Boreline Road. Moly Metals has established 
Spinifex Ridge borefield, immediately east of the Shay Gap borefield (AquaTerra 2009). 
Fortescue Metals Group also intends to extract water from the Wallal aquifer.   
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2.2 Climate 
The Shay Gap SA is a ‘Desert, hot, winter drought’ zone, and lies immediately south-
west of the ‘Grassland, hot, winter drought’ zone, as determined by the Köppen Climate 
Classification (Bureau of Meteorology [BoM] n.d. a). 
The Shay Gap SA is located at the western end of the largely unoccupied Great Sandy 
Desert and has few surrounding weather stations. For temperature analysis, we used 
data from three weather stations: Mandora, Pardoo and Marble Bar. For rainfall analysis, 
we used data from the three weather stations just mentioned and historical data from 
Shay Gap and Muccan stations. For the wind analysis we used data from the two 
weather stations that collect wind velocity data: Port Hedland Airport and Telfer Aero. 
Locations of these weather stations are presented in Figure 2.3. 
 
Figure 2.3 Weather stat ions that col lect rainfal l,  temperature and wind velocity 
data used in this study 
2.2.1 Palaeoclimate 
North-west Australia experienced an abrupt transition from dry to humid conditions 
about 5.5 million years ago, which lasted until 3.3 million years ago. Then a transition 
followed over about 900 000 years, to the modern, seasonally arid climate of the north-
west of Australia, which became fully established 2.4 million years ago (Christensen et 
al. 2017). 
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Over the past 120 000 years, the most persistent sea level was about 30–40m below 
the present level (Brooke et al. 2017). This resulted in the Shay Gap SA most often 
being at least 80km from the coast, twice as far as the current distance, and sometimes 
much further. During the last glacial maximum around 18 000–20 000 years ago, the 
sea was about 130m below its present level and the study area was about 200km 
inland. The Shay Gap SA was 150km inland as recently as 12 000–15 000 years ago, 
when the sea level was 70–90m below present. 
These coastline proximity changes affect rainfall, temperature, humidity and aridity, and 
the impact, prevalence and intensity of extreme events — such as thunderstorms and 
cyclones — on the Shay Gap SA. 
A lower sea level and extreme aridity combined with intensification of wind regimes from 
25 000 to 13 000 years ago resulted in a significant dune-building episode and lowered 
regional watertables (Bowler 1976). The effects of this arid period remain apparent in 
the geomorphology, soil development and floral assemblages of Shay Gap SA. 
2.2.2 Temperature 
Shay Gap SA’s temperature summary was estimated by averaging relevant monthly 
data from three surrounding weather stations: Mandora, Marble Bar and Pardoo 
(Figure 2.4). 
From October to April inclusive, the mean maximum temperature exceeds 35 degrees 
Celsius (°C) at Mandora and Pardoo weather stations. Marble Bar’s average maximum 
exceeds 40°C during summer (Sudmeyer 2016). Maximum temperatures at the first two 
stations are moderated by the ocean. Marble Bar set a world record in 1923–24 when it 
experienced 160 consecutive days above 37.8°C (Sudmeyer 2016). Extreme 
temperatures over the summer months can cause heat stress in some agricultural 
plants, which can result in reduced yield, even with sufficient soil moisture (G Moore 
[DPIRD] 2018, pers. comm., 13 June). 
Mean minimum temperatures over winter are mild, averaging 13.3°C across all three 
stations with little variability between them. Frosts are exceedingly rare, with only 
Mandora Station having recorded temperatures below 2°C, with –0.6°C on 21 July 1965, 
and 1.4°C on 6 August 1984. Sudmeyer (2016) estimated chill portions and chill hours, 
and concluded that the low-lying coastal zone of the Pilbara is unlikely to meet winter 
dormancy requirements for horticultural crops that require winter chill. 
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Source: BoM (n.d. b) 
Figure 2.4 The est imated mean monthly maximum (sol id l ine) and minimum 
(dashed l ine) temperatures, bracketed by deci les 1–9 (grey shading) 
2.2.3 Rainfall 
About 75% of all rain in the Shay Gap SA falls over the wet season from December to 
March (Table 2.1). Rain during this time is generally intense and falls sporadically, 
mostly as a result of tropical depressions that form convective storms and tropical 
cyclones (Section 2.2.4). This intense summer rainfall manifests as a high rainfall 
erosivity factor, calculated by Lu et al. (2001) to be in the range of 2500–5000 
megajoule millimetres per hectare per hour per year (MJmm ha-1 hr-1 yr-1).1 
Table 2.1 Rainfall summaries for weather stat ions surrounding the Shay Gap 
study area 
Station 
Years of 
data 
Mean annual 
rainfall (mm) 
Mean wet season 
rainfall (mm) & 
proportion of total 
Change in mean annual rainfall 
over 30-year standard periods, 
using 1921–1950 as a baseline 
Mandora 1913–2018 377 300; 80% 1951–1980: 14% increase 
1981–2010: 27% increase 
Pardoo 1904–2018 315 233; 74% 1951–1980: 10% increase 
1981–2010: 28% increase 
Marble Bar 2000–2018 392a 294; 75% Insufficient data 
a The apparently higher mean annual rainfall at Marble Bar likely reflects the increase in 
rainfall over the past 20 years, rather than a trend for rainfall to increase with distance from 
the coast. 
Source: BoM (n.d. c) 
                                            
1  The annualised rainfall erosivity: a measure of energy for each millimetre of rain falling per 
unit area in one hour. 
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Mean annual rainfall is about 350mm — mean for Muccan Station was 348mm from 
1998–2005 and mean for Shay Gap was 349mm from 1972–1993. Rainfall increases 
from west to east, with a mean annual rainfall of 315mm at Pardoo and 377mm at 
Mandora. The regions mean annual rainfall over three sequential 30-year standard 
periods has increased by about 27% over the past century (Table 2.1). 
Rainfall across the Shay Gap SA also has high inter-annual variability (Sudmeyer 2016), 
with the average rainfall significantly exceeding the median for most months, reflecting 
the heavy rainfall received in some years (Figure 2.5). The exception to this variability is 
from August to November, when the area is uniformly dry and rain rarely falls. 
 
 
 
Source: BoM (n.d. c) 
Figure 2.5 Monthly mean (solid l ine) and median (dashed l ine) rainfal l,  
bracketed by deci les 1–9 (grey shading) at selected weather stat ions near the 
Shay Gap study area   
2  The Shay Gap study area 
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2.2.4 Cyclone activity 
The Pilbara coastline is the most cyclone-prone region of Australia (Sudmeyer 2016). 
Between 1980 and 2016, 21 tropical cyclones have passed within 100km of the Shay 
Gap SA (Figure 2.6), and 42 have passed within 200km. While cyclones make a critical 
contribution to rainfall in the north-west, their inter-annual contribution to summer rainfall 
can range from zero to 86% (Sudmeyer 2016). 
 
Source: BoM (n.d. d) 
Figure 2.6 Tropical cyclone paths f rom 1980 to 2016 crossing within a 100km 
radius of  the Shay Gap study area  
2.2.5 Wind 
Dry and intense east to south-east winds from the continental interior during the dry 
season result from subtropical high pressure cells. Wind roses generated from data 
collected from the nearest airports of Port Hedland and Telfer show the prevalence of 
these winds (Table 2.2 and Table 2.3). At Port Hedland, the easterly gradient winds that 
rotate anticlockwise around the high pressure cell are moderated and reversed by 
localised afternoon sea breezes, coming from the north to north-west, which are not 
apparent at Telfer. The Shay Gap SA’s location relatively close to the coast indicates 
that sea breezes may moderate the intensity of afternoon east-south-easterly winds. 
However, the gradient winds still constitute the dominant wind pattern. 
Shay Gap soil survey 
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Table 2.2 W ind roses displaying annual and dry season prevai l ing wind velocity 
at 9am and 3pm at Port Hedland airport  
Port 
Hedland 
Airport 9am 3pm 
Annual 
 
  
Dry season 
  
Source: BoM (n.d. e) 
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Table 2.3 W ind roses displaying annual and dry season prevai l ing wind velocity 
at 9am and 3pm at Telfer airport  
Telfer 
Airport 9am 3pm 
Annual 
  
Dry 
season 
  
Source: BoM (n.d. e) 
2.2.6 Evapotranspiration 
Evaporative demand is a function of wind speed, temperature and humidity. The Shay 
Gap SA has a very high evaporative demand (Sudmeyer 2016) as a result of high 
temperatures and the dry winds coming from the arid interior. Average annual pan 
evaporation is about 3500mm (BoM n.d. f), which is about 10 times the annual average 
rainfall. 
When considering the potential for irrigation, a meaningful measure of evaporative 
demand is ‘potential evapotranspiration’. This is the transfer of water vapour to the 
atmosphere from soil evaporation and vegetation transpiration under unlimited water 
supply (BoM n.d. e). Evapotranspiration from small irrigated fields (<100ha) and dams is 
regarded as ‘point scale’, and evapotranspiration from large irrigated areas (>100ha) is 
Shay Gap soil survey 
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regarded as ‘areal scale’. The mean annual potential evapotranspiration in the Shay 
Gap SA is about 3200mm at the point scale and 1700mm at the areal scale (BoM n.d. f). 
2.3 Physiography 
The Shay Gap SA lies at the western margin of the Great Sandy Desert physiographic 
division (Beard 1975). The surrounding landscape is a very gently undulating pediplain, 
with an average gradient of 0.3% from the palaeotidal plain near the coast (to the north), 
to the dissected plateau of the Pilbara Region (to the south). 
The north-west corner of the Shay Gap SA is 53 metres (m) above sea level — as 
measured from the Australian Height Datum (AHD) — and 18km from the coast. The 
south-east corner is 144mAHD and 52km from the coast. The approximate central point 
of Shay Gap SA is about 40km from the coast. Hilltops rise above the general elevation, 
with the plateau of a prominent mesa in the central south of the Shay Gap SA rising to 
177mAHD. 
Active drainage systems in the area are restricted to localised, ephemeral creeks 
emanating from rocky and lateritised interfluves, which generally peter out into shallow 
and ill-defined fan deposits on pediplains and within palaeodrainages. Rain on the Shay 
Gap SA usually evaporates or percolates to underlying watertables, and only flows 
more extensively during extreme rainfall. 
The area straddles three drainage basins:  
• Firewood (Williams 2003) in the south-west corner 
• Planaires (Williams 2003) through the central and western parts 
• Wallal (van de Graaff et al. 1977) to the east.  
The Wallal palaeoriver is a relict of a major river that previously drained the West 
Canning Basin. Its western tributaries, which are also relicts, lie within the Shay Gap SA. 
Catchment divides between the relict valleys present as undulating rises oriented 
roughly north-north-west to south-south-east through the Shay Gap SA (Figure 2.7).  
These broad and generally subdued divides contain numerous scattered sandstone 
mesas, buttes and pavement. They also contain laterite and ferruginous gravel, which 
occur as subdued rises and prominent breakaways rising above the surrounding plains. 
Scarp faces and scree slopes often border the breakaways. 
Significant areas of the Shay Gap SA are best described as pediplain and pediment. 
The area has historically been described as sandplain of the Great Sandy Desert, and 
the presence of dunes confirms an aeolian element to its geomorphology. Isolated 
longitudinal, linear (seif) dunes with an orientation of about 290 degrees have formed on 
interfluves, pediplains and sandplain palaeodrainage. They typically form elongated 
ridges 5–9m above the surrounding terrain that extend for 4–5km and occasionally to 
9km, and are more common in the east of the study area. They form the western-most 
extent of desert dune formations of the Great Sandy Desert. The orientation of the 
dunes imitates the prevailing east-south-easterly winds, as influenced and reinforced by 
localised topography. 
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Source: modified from Williams (2003) 
Figure 2.7 Major drainage divides, inferred palaeor iver channels and major 
physiographic surfaces of  the Shay Gap study area and surrounds 
2.4 Geology 
The Shay Gap SA lies over the suture of the Canning and North Carnarvon basins. In 
the east, it overlies the Wallal Embayment, a component of the Canning Basin, while in 
the west it overlies the Lambert Shelf, a component of the North Carnarvon Basin. 
Sandy alluvial and colluvial sediments of Quaternary age variably fill the broad 
palaeodrainage basins. The surficial sands have been reworked by aeolian processes, 
forming recent deposits at the edges of mesas, buttes and pavement, as well as 
accumulating as sand dunes. 
There is laterite at the top of the landscape, which Williams (2003) interpreted as 
forming 95–20 million years ago, due to deep weathering during the Cretaceous–
Miocene. The laterite preferentially caps the Cretaceous Parda Formation, a thin-
bedded to massive, white mudstone and claystone deposited in a shallow-marine 
environment 120–99 million years ago. The Parda Formation is mostly eroded away 
and is currently limited to isolated outcrops under laterite capping. 
The lower part of the Callawa Formation is the dominant emergent geology of the Shay 
Gap SA, and it disconformably underlies the Parda Formation (Figure 2.8). The lower 
part of the Callawa Formation is ferruginous sandstone of Jurassic–Cretaceous age, 
thought to have been deposited in a fluvial environment between 150–120 million years 
ago (Williams 2003). It contains the unconfined Broome aquifer (Section 2.5). In the 
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Shay Gap SA, it forms the dominant rock from which soils are derived. Outcrops are 
generally sparse, but are more numerous on larger catchment divides. 
Jurassic age sediments are sandwiched between the Callawa Formation and the 
underlying older rocks of the Canning and North Carnarvon basins. These sediments 
were laid down 190–154 million years ago and comprise the shallow-marine Jarlemai 
siltstone overlying the continental to marginal-marine Wallal Sandstone. The sandstone 
acts as the conduit for the confined Wallal aquifer, while the siltstone acts as an 
aquitard to cap the underlying aquifer (Section 2.5). 
Below these geological formations are older rock sequences that distinguish the Wallal 
Embayment (Canning Basin) from the Lambert Shelf (North Carnarvon Basin). These 
two basins are separated by an inactive fault created during the formation of the 
Canning Basin in the Ordovician period between 490–471 million years ago. This fault 
bisects the Shay Gap SA in a north-north-west to south-south-east alignment, 
separating the North Carnarvon Basin in the west from the Canning Basin in the east 
(Williams 2003). 
The Lambert Shelf comprises a sequence of around 280m of Mesozoic (Jurassic to 
Cainozoic) sediments — described above — that directly overlie the crystalline 
basement of the East Pilbara Granite-Greenstone Terrane, part of the Archaean Pilbara 
craton (Williams 2003). 
From east to west in the vicinity of the Shay Gap SA, this granite–greenstone terrane 
consists of: 
• the Muccan Granitoid complex (3470–3244 million years ago) 
• the Yarrie greenstone belt (over 3438 million years ago), and overlying this, the Shay 
Gap greenstone belt (3235–2925 million years ago) 
• the Warrawagine Granitoid complex (3655–3242 million years ago). 
In the Lambert Shelf part of the study area, this crystalline basement is encountered at 
257m below the Mesozoic sediments and acts as the lower aquiclude for the Wallal 
aquifer. 
In contrast, the Wallal Embayment was the repository of Permian (288–280 million 
years ago) non-marine and glacial-marine sediments of the Grant Group, comprising 
sandstone, siltstone and claystone, overlying the East Pilbara Granite-Greenstone 
Terrane basement. In the study area, the Grant Group Permian sediments are 360m 
thick and act as the lower aquitard for the Wallal aquifer. 
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Figure 2.8 Bedding planes in the Cal lawa Formation sandstone (main picture) 
and close-up of  var iable grain size in sandstone ( inset) 
2.5 Hydrogeology 
The unconfined Broome aquifer resides within the Callawa Formation. The aquifer is 
about 130m thick in the north-east and about 100m deep in the 80 Mile Beach area. A 
bore just north of the Shay Gap SA has recorded the Broome aquifer watertable at 
about 30m below ground level since 1980 (Department of Water 2012). The saturated 
zone of the Broome aquifer reduces in thickness towards the south, just impinging on 
the study area before petering out around the northern boundary. This surficial aquifer 
appears significant for vegetation and inferred association with soil type in the north-
western corner of the study area, but most of the study area contains no Broome 
aquifer (R Milton [Department of Water] 2016, pers. comm., 23 March). 
The salinity of water is primal for its use in irrigation. Ayres and Westcott (1994) classify 
the salinity of irrigation water according to the degree of restriction on the use of the 
water, with: 
• less than 450 milligrams per litre (mg/L) having no restriction 
• 450–2000mg/L having a slight to moderate restriction 
• greater than 2000mg/L having a severe restriction. 
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Broome aquifer’s salinity ranges from 1500 to over 5000 mg/L along the coastal strip 
west of Pardoo, and decreases to less than 1000mg/L in the east near Mandora. The 
water may need to be treated to remove nitrates before being used domestically, and a 
high sodium absorption ratio may limit its suitability for irrigation (Department of Water 
2012). 
The Wallal aquifer has a greater volume of better quality water than the Broome aquifer. 
It is confined by the Jarlemai siltstone and is artesian along the coastal strip, with heads 
of up to 30m above ground level. However, 10–20km from the coast, the hydraulic head 
reduces and the aquifer becomes subartesian. 
The Wallal aquifer’s salinity generally decreases from west to east. West of Pardoo 
Station, salinity exceeds 1000mg/L and levels of calcium, sodium and chloride may 
exceed Australian drinking water guidelines (NHMRC & NRMMC 2004). Water quality 
may also be marginal for irrigation (Department of Water 2012). However, east of 
Pardoo, salinity is less than 500mg/L and is suitable for agricultural use (Department of 
Water 2012). 
2.6 Vegetation 
The Shay Gap SA lies entirely within the Canning Botanical District, part of the Great 
Sandy Desert Region in the Eremean Botanical Province. It also lies just south of the 
Dampier Botanical District of the Northern Botanical Province (Beard 1975). It thus 
exhibits floristic features of both the Pindan (shrubland) vegetation of Burbidge (1944) 
and the steppe (grassland) communities of the desert. The Interim Biogeographic 
Regionalisation of Australia revised the naming convention of Beard (1975), with the 
Canning Botanical District becoming the McLarty subregion of the Great Sandy Desert 
Region (GSD01; Department of the Environment and Energy 2012). 
The dominant vegetation of the east and south of the study area is a shrub steppe on 
sandplain. This is dominated by spinifex grassland with sparse, emergent camel poison 
(Erythrophloeum chlorostachys) shrubs, which often have a burnt, scraggly appearance, 
desert walnut trees to 8m (Owenia reticulata) and smaller native gardenia trees to 5m 
(Gardenia pyriformis). Other less dominant species are the uncommon but widely 
distributed snottygobble (Persoonia falcata) and lemonwood (Dolichandrone 
occidentalis; was D. heterophylla). These both become more common towards the 
Pindan vegetation. 
Gravelly rises and loamy plains, mesas and breakaways throughout the study area are 
populated by species of the Proteaceae family, including Grevillea refracta, 
G. wickhamii, G. pyramidalis, Hakea lorea (subsp. lorea and subsp. suberea) and 
H. macrocarpa. This family is most prominent on these landforms: it is also sparsely 
present on the sandplain. 
Vegetation in the north-west of the study area has transitional features common to the 
Pindan vegetation, with a spinifex understorey reflecting the steppe communities that 
dominate further south-east. It is characterised by mixed Acacia species (commonly 
A. tumida, A. eriopoda, A. monticola, A. coriacea, A. translucens), with a thick 
groundcover of hummock grass spinifex and occasional emergent bloodwood 
(Corymbia zygophylla, C. opaca and C. pachycarpa). 
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The far north-west contains Bauhinia (Bauhinia cunninghamii, which was Lysiphyllum 
cunninghamii) and Acacia species (those previously mentioned and A. colei) that further 
reflect an affinity with Pindan vegetation, although they are generally stunted and less 
dense than in Pindan vegetation north-east of the study area. 
The transitional ecotone between the two bioregions appears to mimic the extent of the 
unconfined Broome aquifer and saturated sediments of the Callawa Formation, rather 
than any present climatic gradient. 
The vegetation of the study area is highly adapted to fire, with acacias regenerating 
densely after fire, a feature shared with the Pindan country towards the coast and the 
north-east (Beard 1975). Spinifex grassland is highly flammable (Burrows et al. 2009; 
Nano et al. 2012), generating intense fires with flames higher than 4m, thus behaving 
like sclerophyll shrubland with respect to the fire regime it promotes (Nano et al. 2012), 
rather than traditional grassland. Repeated burning results in the vegetation exhibiting 
all growth stages: from open spinifex plain, to shrub steppe and acacia thicket. 
2.7 Previous soil and land studies 
Van Vreeswyk et al. (2004) surveyed the Pilbara to develop an inventory for the 
rangelands and for management purposes. Their survey, produced at a scale of 
1:250 000, covered the entire Shay Gap SA. It mapped rangeland land systems, which 
represent areas of recurring patterns of landforms, soils and vegetation. 
The purpose of the Van Vreeswyk et al. (2004) survey was to provide a comprehensive 
description and maps of the biophysical resources of the region. While the information 
was primarily aimed at land managers, the emphasis on the pastoral potential of the 
land was not as pronounced as in some of the previous rangeland surveys. Their 
survey mapped land systems, and divided each into unmapped land units. These land 
units were described in terms of landform, vegetation and soils. The area that each land 
unit occupied within the land system was recorded as a percentage. 
North-east of the Shay Gap SA, Cotching (2005) conducted a rangeland survey of the 
Shire of Broome, abutting the Van Vreeswyk et al. (2004) survey and using the same 
style of mapping. Despite its later publication, Cotching’s (2005) Broome mapping 
predated and informed the Van Vreeswyk et al. (2004) Pilbara survey and mapping. 
Subsequently, Tille (2006) standardised the mapping of land systems, in the rangelands 
and arid interior, to match the WA soil-landscape hierarchy (Schoknecht et al. 2004). 
According to the Tille (2006) mapping, the Shay Gap SA lies entirely within the Nita 
Sandplain Zone of the Canning province. He designated the Nita Sandplain as soil-
landscape zone 117 in the hierarchy and described it as: 
Sandplains and dunes on Cretaceous Canning Basin sedimentary rocks. Red 
deep sands with some Red sandy earths. Pindan shrublands and shrubby 
spinifex grasslands. Located in the north-west coast hinterland between 
Broome and the De Grey River. 
We adopted Tille’s (2006) approach to fit this survey within the standardised framework, 
despite other soil-landscape studies in the region not using this framework. 
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Within the Shay Gap SA, Van Vreeswyk et al. (2004) identified and described two land 
systems. According to this broadscale mapping, about 97% of the area is the Nita 
System (117Nt in the soil-landscape hierarchy), and the remainder is the Callawa 
System (117Cl) (Figure 2.9).  
 
Figure 2.9 Rangeland systems of  the Shay Gap study area 
The Nita System was originally described by Cotching (2005), whose work was 
conducted earlier than, but published after, Van Vreeswyk et al. (2004).The latter 
authors modified the original Nita System and described it as Quaternary level aeolian 
sandplain and occasional linear dunes, with isolated low hills and occasional stony or 
gravelly rises. There are no organised drainage features. Vegetation is shrubby, soft 
spinifex grasslands with occasional trees. The Van Vreeswyk et al. (2004) version of the 
Nita System extended its range to west of the Mandora Marsh and into the west 
Canning Basin area, including the Shay Gap SA. 
Van Vreeswyk et al. (2004) describe the Callawa System as an erosional surface of low 
hills, mesas, plateau remnants, hill spurs and slopes dissected by short, closely spaced 
tributaries and distributing drainage lines; also rounded, gravelly plains and minor 
sandplain with relief up to 60m. 
Recently, Smolinski et al. (2016) improved the resolution of the Cotching (2005) 
mapping over the La Grange area, to identify ‘areas of Pindan country … which have 
high potential for irrigated agriculture’. Their report is particularly relevant for our survey 
because the soils are similar. Smolinski et al.’s (2016) inferences about management 
characteristics are also valid for the Shay Gap SA. 
The Rangeland land system mapping and associated descriptions provided the base 
information for a regional map of soil suitability for irrigated agriculture in the Pilbara 
(Department of Primary Industries and Regional Development [DPIRD] 2017). This was 
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a new digital approach, which improved the spatial detail of rangeland maps by 
combining them with remotely sensed datasets in a statistical modelling framework to 
calculate where soil types are most likely to occur (Holmes et al. 2014, Odgers et al. 
2014, Holmes et al. 2015). The approach, called ‘disaggregation and harmonisation of 
soil maps through resampled classification trees’ (DSMART), created maps of soil-type 
probabilities on a 90m grid across the region. The soil types represent a classification of 
broadly similar soils defined by Schoknecht and Pathan (2012). 
DPIRD (2017) classified the soil types allocated in DSMART into three categories 
according to irrigation potential: high, moderate, low. These categories were applied to 
each of the soil type probability maps to create an interpreted map which is useful at a 
regional scale. 
This classification identified significant areas of the Shay Gap SA likely to contain soils 
suitable for irrigation, thus highlighting that the area was worthy of further investigation. 
 
Source: DPIRD (2017) 
Note: The soil suitability codes of A1, A2, B1, B2 relate to the likely proportion of soils highly 
suitable or moderately suitable for irrigation, according to the probabilistic assessment of the 
DSMART process. 
Figure 2.10 Soil suitabi l i ty for irr igat ion within the Shay Gap study area, based 
on regional DSMART mapping 
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3 Soil-landscape survey  
The objective of the soil-landscape survey was to identify land with a high capability for 
irrigation. Observations were taken inside and outside of the Shay Gap SA. We took 
observations outside the study area because landforms across the wider area are 
reflective of soils within the boundary. Also, access within the study area was limited 
because of the sparse network of tracks. 
The following factors influenced which sites we chose: 
• The former Department of Water’s groundwater investigation team advised that we 
should focus on the north-western quadrat of the study area because of water 
availability. 
• We wanted to investigate existing irrigation developments at Pardoo and Wallal 
Downs stations (Figure 2.2). 
• Rangeland land system mapping by Van Vreeswyk et al. (2004) and land capability 
assessment by Smolinski et al. (2016) suggested that large areas of the Nita System 
are likely to contain extensive, deep, rapidly drained sands of marginal quality for 
irrigating, with some sandy earth soil suitable for irrigation. 
• Smolinski et al. (2016) assessed the Phire System, which is very similar to the soils 
and landforms of the Callawa System, as having very limited land capability because 
of high slopes, which present a high to extreme water erosion hazard, and presence 
of surface gravels and ironstone rock which cause tillage workability issues. We 
restricted our site observation density across these landforms as a result of the 
Smolinski et al. (2016) assessment. 
• The project was required to provide information about soil quality for irrigation within 
a development envelope on Frazier Downs Station — within the La Grange survey 
area (Figure 1.1) — so we described sites at this location (Section 3.2). 
3.1 Preliminary data analysis 
Prior to conducting the field survey, a multi-theme map was created within a GIS to 
enable us to review and analyse relevant data and to input new data obtained during 
fieldwork. We used GeoMedia Professional GIS software loaded onto a Getac 
Toughbook laptop, with the following data themes: 
• existing sites (extracted from DPIRD’s WA soil profile database) 
• existing soil-landscape mapping (extracted from DPIRD’s WA map unit database) 
• digital elevation model — multi-resolution valley bottom flatness (Gallant & Dowling 
2003) 
• gamma radiometrics — potassium, thorium, uranium, collated as a georeferenced 
ternary image 
• aerial electromagnetics for 1, 2 and 3m depth intervals 
• digital aerial photography collated into spatially accurate ‘orthophotos’ covering the 
Shoonta (2958), Cooragoora (2957), Mandora (3058) and Cardoma (3057) 
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1:100 000 map sheets; surrounding orthophotos were collated to assist regional 
orientation, but were not directly relevant 
• regional geology — Yarrie 1:250 000 sheet (Williams 2003) 
• soil probability maps derived from the DSMART process (Holmes et al. 2014, Holmes 
et al. 2015) 
• pastoral station cadastre (maintained by DPIRD) 
• local road and track network digitised for the project from aerial photography. 
3.2 Preliminary field survey 
From 5 to 9 April 2016 (inclusive), we conducted a brief assessment of Frazier Downs 
Station, about 220km north-east of the Shay Gap SA, to: 
• increase point data density of previous work by Smolinski et al. (2016) 
• confirm the suitability of soils for irrigation purposes within the irrigation development 
envelope 
• facilitate comparison of soils in the Shay Gap SA with soils of the La Grange area 
that were identified by Smolinski et al. (2016) as appropriate for irrigation. 
Thirty-four sites were sampled by drilling a hand auger 1–2m into the soil. Sites were 
described according to the field survey methodology (Section 3.3). These sites were 
assigned a project code of ‘LGR’ (for La Grange) in DPIRD’s WA soil profile database. 
From 10 to 14 April 2016, we conducted a reconnaissance of the Shay Gap SA to: 
• identify the main landforms and soil types to verify existing information 
• assess field conditions and accessibility for the main survey 
• review the quality of spatial data in the GIS. 
3.3 Main field survey 
Field surveys occurred over the dry season, during two visits, in May 2016 and August 
2017, by a team of DPIRD staff, comprising four and two members, respectively. The 
goal of the sampling strategy was to describe landforms and soil characteristics as point 
observations, concentrating on soils in landforms identified by Smolinski et al. (2016) as 
being suitable for irrigation. 
McKenzie and Grundy’s (2008) integrated survey method was used to locate sites, 
which were concentrated along existing tracks and roads to maximise observation 
density, at the expense of uniform spatial density. The spread of sites along these 
tracks allowed us to compare sites across environmental gradients. 
During the first visit, we focused on describing as many sites as possible and collecting 
information from deep cores across the breadth of soil-landscapes within and 
surrounding the area. 
During the second visit, we sampled existing irrigation sites near the Shay Gap SA, and 
took additional soil physical measurements. The intent was to compare Shay Gap soils 
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with nearby soils that have been assessed — or developed — for irrigation. Figure 3.1 
shows the location of the sites we described during the survey. 
 
Figure 3.1 Sites described in the Shay Gap study area and surrounds 
3.3.1 Soil observations 
Soil profiles were described by sampling with a combination of: 
• mechanical auger (Figure 3.2) 
• hand augers with extensions allowing sampling to 3m deep 
• a manual hand spear for rapid extraction of soil material to about 80cm deep. 
We purposefully ‘nested’ observation sites, by placing two or three sites within 20–100m 
of each other, to determine the character of local soil variability. Each nested site 
included one observation to at least 5m deep — and often to 8m or a perceived 
impenetrable barrier — and one or two additional soil observations to about 1m deep, 
described by hand auger or soil spear. 
Site locations were recorded with a GPS unit set to Geocentric Datum of Australia 1994 
(GDA94). Field data sheets were used to record information that was later transcribed 
into DPIRD’s WA soil profile database. Site locations and key summary information 
were entered directly into a field GIS, using the GeoMedia mobile GPS tracking feature. 
Doing so enabled us to review important information in real time, thus optimising 
sampling efficiency. 
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Figure 3.2 The mechanical auger used on the Shay Gap survey: an Eziprobe 
rotary dr i l l  and percussion corer mounted on a 4WD uti l i ty 
We collected three major types of soil observations: 
• summary observations, with notes about landforms and soils 
• soil observations using a hand auger (or sand spear) to 1m deep (and occasionally to 
2m) 
• soil regolith observations using a mechanical auger to describe the soil to at least 5m 
deep, and often to a hard layer below, augmented with additional near-surface 
descriptions of soil excavated by hand auger and sand spear. 
The methods and terminology of the National Committee on Soil and Terrain (2009) 
guided descriptions of soil observations, which recorded: 
• field texture 
• soil structure and coherence 
• surface condition, including evidence of erosion, compaction and crusting 
• soil colour (Munsell Color Company 1975) 
• soil pH of selected samples using a pH indicator kit (Raupach & Tucker 1959) 
• landform features, including landscape position and type, slope gradient and slope 
position 
• depth to perceived restrictive layer, and material of that layer where possible 
• vegetation structure, and dominant and indicator species. 
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3.3.2 Data storage and observational density 
Soil profiles have been classified according to WA soil groups (Schoknecht & Pathan 
2012) and the Australian soil classification (Isbell & National Committee on Soil and 
Terrain [NCST] 2016), and all information was entered into DPIRD’s WA soil profile 
database for ease of analysis, data sharing and archiving. 
We described 34 new sites on Frazier Downs Station. In and around the Shay Gap SA, 
317 new sites were described, including 137 sites within the study boundary and 116 
sites within 5km of the boundary. The remaining 64 sites were from further afield, 
including the existing irrigation areas (Figure 3.1) 
This observation density provides an indicative survey intensity of about one site per 
350ha. This is equivalent to a semi-detailed survey as described by Gallant et al. (2008). 
However, we consider our survey to be of a more-detailed intensity because the soils 
on landforms suitable for irrigation were generally uniform and we included results from 
digital soil mapping techniques that use a range of spatially distributed environmental 
datasets. Such revision is noted and accepted by Gallant et al. (2008). 
3.4 Soil sampling for chemistry and particle size analyses 
We concentrated sampling for chemical analysis and physical characteristics on soils 
and landforms that we considered to be most suitable for irrigation. Undisturbed soil 
samples were collected in 1.5m polycarbonate tubes by percussion core. Several 
deeper samples were collected by hand auger. All samples were dried and divided into 
appropriate depth intervals to approximate natural soil horizons before submitting them 
to Wesfarmers Chemicals, Energy and Fertilisers CSBP soil laboratory for analyses. 
We took 74 samples from 16 sites at various depths. All samples were analysed using 
the CSBP Comprehensive test package, and a selection of these samples also 
underwent particle size analysis. Details of the analysis, its purpose and methods are 
provided in Table 3.1. 
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Table 3.1 Methods used for analysing the Shay Gap soi l samples  
Test conducted Method code Relevance 
Nitrogen as nitrate and ammonium 7C2b Macronutrient 
Phosphorus 9B Macronutrient 
Potassium 18A1 Macronutrient 
Sulfur 10D1 Macronutrient 
Organic carbon 6A1 Soil fertility, nutrient retention, 
moisture retention, soil 
physical properties 
Soil pH: measured on a 1:5 solution of soil to 
solute using water or 0.01 molar calcium 
chloride as solute 
4A1 or 4B3 Nutrient availability and toxicity 
Soil electrical conductivity (EC): measured on a 
1:5 solution of soil to water 
3A1 Salt concentration  
Exchangeable cations: aluminium, calcium, 
potassium, magnesium, sodium 
15E1 Nutrient availability, soil 
physical properties 
Cation exchange capacity Calculated 
from 15E1 
Soil fertility 
Trace elements: copper, iron, manganese, zinc 12A1 Micronutrients 
Phosphorus buffering index 9I2c Soil fertility, nutrient retention 
Boron 12C1 Micronutrient 
Particle size analysis Indorante et 
al. (1990) 
Nutrient retention, soil physical 
properties 
Note: Coded methods (e.g. 7C2b) relate to methods described in Rayment and Lyons (2011). 
3.4.1 Bulk density testing 
Apparent soil bulk density was measured at selected sites, by a trained operator with a 
radiation license, using a nuclear density meter (NDM) according to the rationale 
described in Holmes et al. (2011).  
At each site, three holes were drilled to 30cm and a Humboldt HS-5001EZ single-probe 
NDM (Humboldt Scientific 2012) was used to collect two bulk density measurements at 
each hole from intervals of 0–10cm, 10–20cm and 20–30cm deep, thus collecting six 
replicate measures at each depth. At several sites, we dug a pit 30cm deep with a 
shovel and measured bulk density at 30–40cm, 40–50cm and 50–60cm using the NDM 
(Figure 3.3). 
Soil samples were collected at each depth to determine soil moisture by mass 
difference after oven drying at 100°C. This allowed us to correct the bulk density 
calculations for variable moisture content. 
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3.4.2 Soil water characterisation 
Unsaturated hydraulic conductivity was measured at selected sites using a tension 
infiltrometer according to the McKenzie et al. (2002) method (Figure 3.3). The sites 
were representative of current irrigation areas and areas under native vegetation in the 
Shay Gap SA. For the latter, we considered the near-surface crust as a layer that would 
act as a throttle to limit permeability, so we retained it at some sites and removed it at 
others, to gather a likely range of infiltration rates. 
After the measurement run, sites were excavated to visually inspect infiltration and to 
ensure that unusual subsurface features did not unduly affect the results. For example, 
we had to discard data from several sites because of subterranean termite activity. 
We used the CSIRO’s Soil Water Express model (Agricultural Production Systems 
Simulator [APSIM] n.d.) to estimate water characteristics of three model soils from the 
Shay Gap SA. The soil water profiler in the model was populated with mean particle 
size statistics from each model soil layer to estimate the drained upper limit, the crop 
lower limit, the plant available water capacity and the unconstrained soil water storage. 
Soil parameters were left unchanged from the model’s standard. Appendix C provides 
tabulated and graphical representations of the modelled estimates for each soil. 
The Soil Water Express model has the ability to account for water use variations of 
crops other than wheat (the ‘standard’ crop), which it does by two variables: the ‘crop 
type’ factor and the ‘crop root taper’ modifier. We modified these variables to match the 
growth characteristics of irrigated perennial pasture, which is grown nearby. The crop 
type factor was adjusted to 1.2, which represents the ability of perennial plants to draw 
more water from a drying soil profile than wheat (Ghannoum et al. 2011). The crop root 
taper modifier was adjusted to –15, representing the ability of perennial plants to extend 
their roots to greater depths than wheat. 
  
Figure 3.3 Trained operator test ing bulk density with the Humboldt nuclear 
density meter ( lef t) ,  and measuring inf i l t rat ion using a disc permeameter (r ight) 
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3.5 Mapping method 
The soil-landscape map units identified in this survey represent an association of soils 
and landforms, emphasising the delineation of the most common soil associations. This 
approach seeks to describe and identify areas with soils suitable for irrigated agriculture. 
Our mapping subdivides Van Vreeswyk et al.’s (2004) two land systems into new, more-
detailed subsystems and phases consistent with the soil-landscape mapping hierarchy 
(Tille 2006). We describe these new map units according to their geology, 
geomorphology and estimated proportion of soil types. 
We used traditional mapping methods to determine map unit boundaries, augmented by 
digital spatial data. Soil-landscape boundaries were delineated using the GeoMedia GIS 
package. We interpreted the landforms by combining field knowledge of local 
geomorphology with spatial datasets, including aerial photography, topography from 
digital elevation models (Gallant & Dowling 2003), airborne geophysics (airborne 
electromagnetic and gamma radiometrics) and point observation data. 
We conducted a point-based digital soil mapping (DSM) exercise to augment this 
traditional map with new modelled data. This predicts subsoil differences that are not 
apparent at the soil surface. The DSM assisted us to refine broad landform units and to 
distinguish areas likely to contain a higher proportion of soil most suited to irrigation. 
The process for creating the DSM is detailed in Appendix A. The DSM result for the 
Shay Gap SA is presented in Figure 3.4. 
We combined information embedded in the DSM with the traditional mapping methods 
to create the final soil-landscape map, which delivers a level of detail unattainable by 
traditional methods or DSM alone. 
 
GSV = good sand, very deep; FSV = fair sand, very deep; PSV = poor sand, very deep 
Figure 3.4 Results of  digital soil modell ing process to dist inguish the range of  
subsoi l textures across the Shay Gap study area 
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4 Soil types 
The sandplain soils in the Shay Gap SA are morphologically and genetically similar to 
the Cockatoo Sands described by Burvill (1944), Rutherford (1964) and Smolinski et al. 
(2016). However, this report does not classify the Shay Gap SA soils into the Cockatoo 
Sands soil profile classes that Smolinski et al. (2016) identified. We avoided this 
classification because the Shay Gap SA is in a desert climate zone rather than a 
tropical savanna climate of the east Kimberley, where the concept of Cockatoo Sands 
originated. Instead, we classified the soils into subdivisions of the WA soil groups. This 
fits the standardised data model used in WA, and allows for the direct comparison of 
land capability and land degradation hazard across the state. 
4.1 Soils predominantly found in the Nita System 
Red deep sands dominate the Shay Gap SA and are found on broad areas of sandplain. 
They are derived from sandstone and aeolian accessions and are located over and 
surrounding sandstone hills. The top metre of the profile is typically red, loose sand to 
loamy sand. Differentiation of these soils is largely based on soil properties of horizons 
below 1m.  
A loamy variant of Red deep sand — the Red sandy earth, normal phase — is grouped 
with the Red deep sands because it is genetically related. The WA soil groups 
classification does not link these related soil types. 
Red deep sands and loamy variants are equivalent to the Cockatoo Sands mapped in 
the La Grange survey by Smolinski et al. (2016). 
4.1.1 Red deep sand, very deep phase 
The Red deep sand, very deep phase has a topsoil texture of sand to loamy sand, and 
is single-grained without structure and a weak to loose consistence when dry. The soil 
is uniform to 1.5m deep and often up to 5m deep. The soil is often dark reddish brown 
to reddish brown at the surface and red below, and has an acidic reaction trend 
throughout the profile. 
Clay content can increase slightly and gradually with depth, generally only reaching a 
clayey sand texture (5–10% clay). Sandy loam texture (10–20% clay) may be 
encountered below 5m. The fabric of the soil becomes earthy as the clay content 
increases. 
Rock or evidence of weathered rock may be encountered below 5m, although the soil 
profile often continues to below 7m with little change in texture and little evidence of 
parent material. 
These soils are classified as Red deep sands (Schoknecht & Pathan 2012) and Red-
Orthic Tenosols or Arenic Rudosols (Isbell & NCST 2016). 
4.1.2 Red deep sand, rock substrate phase 
This phase differs from the very deep phase because of the presence of sandstone at 
2–7m. It has a sand to loamy sand topsoil and is structureless and single-grained with a 
weak to loose consistence when dry. The soil is uniform to 1.5m deep and often up to 
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3m deep. The soil is often dark reddish brown to reddish brown at the surface and red 
below, and has an acidic reaction trend throughout the profile. 
Clay content increases gradually with depth, often reaching a sandy loam texture (12–
15% clay) between 3 and 5m deep. The fabric of the soil becomes earthy as the clay 
content increases. 
Rock or evidence of weathered rock is often encountered by 5m and is sometimes 
found as shallow as 2m. 
These soils are classified as Red deep sands (Schoknecht & Pathan 2012) and Red-
Orthic Tenosols or Arenic Rudosols (Isbell & NCST 2016). 
4.1.3 Red deep sand, dune phase 
The Red deep sand, dune phase is a deep, fine- to medium-grained sand with polished 
and rounded sand grains. It is structureless and single-grained, generally without any 
increase in clay content to 5–8m. It is dark red and has an acidic reaction trend 
throughout the profile. 
These soils are classified as Red deep sands (Schoknecht & Pathan 2012) and Red-
Orthic Tenosols and Arenic Rudosols (Isbell & NCST 2016). They are similar to the 
Cockatoo Sand, sandy phase described by Smolinski et al. (2016). 
4.1.4 Red deep sand, earthy phase 
This phase is generally red to dark red, loamy sand to clayey sand, and grades to 
sandy loam or light sandy clay loam at 1–2m deep. It has an earthy fabric and the 
loamy subsoils have a massive structure when dry, or a weak crumb and slightly sticky 
consistence when moderately moist. 
Segregations cemented by iron oxides that resemble ferruginous gravels are often 
found at depths of 3–5m, just above weathering sandstone. These segregations may be 
weak or strong, but lack multiple concentric skins of iron oxide and are considered 
contemporary. They can be distinguished from the competent, presumed fossil, iron-rich 
gravels seen in the Red sandy earth, lateritic phase (see Section 4.2.1) by their lack of 
strength and the absence of multiple concentric skins of iron oxide coatings. The soil 
has an acidic reaction trend throughout the upper part of the profile, becoming more 
neutral with depth and increasing clay content. 
These soils are classified as Red deep sand (Schoknecht & Pathan 2012) and Red-
Orthic Tenosols (Isbell & NCST 2016). The subsoil below 1m may reach a sandy clay 
loam texture (20–30% clay). In this case, the soils are classified as Red Kandosol 
(Isbell & NCST 2016). 
These sands are equivalent to the Cockatoo Sand, normal phase described by 
Smolinski et al. (2016). 
4.1.5 Red sandy earth, normal phase 
The Red sandy earth, normal phase has a dark, reddish-brown to dusky red topsoil with 
a texture of loamy sand or clayey sand. Subsoils grade to a dark red to red, sandy loam 
by 60–80cm, and sometimes shallower. Soil texture often grades to light, sandy clay 
loam by 1.5m and sandy clay loam usually occurs by 3m. 
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The earthy fabric of the loamy soils is well developed, with some soils exhibiting a weak, 
fine, aggregation or crumb structure when the soil is moderately moist. The subsoils 
have a moderate to strong consistence when dry. 
The common occurrence of termite mounds and denser, taller vegetation — particularly 
bloodwood trees — within the low woodland vegetation type (Cotching 2005), often 
indicate the Red sandy earth, normal phase. 
These soils are classified as Red sandy earth (Schoknecht & Pathan 2012) and Red 
Kandosols (Isbell 2016). 
The Red sandy earth, normal phase soils are equivalent to the Cockatoo Sand, loamy 
phase described by Smolinski et al. (2016). 
4.2 Soils predominantly found in the Callawa System 
Phases of the Red deep sands described above are present in various Callawa map 
units. The following soil profile classes are prominent within the Callawa System and 
rare in the Nita System. 
4.2.1 Red sandy earth, lateritic phase 
The Red sandy earth, lateritic phase has sandy surface horizons merging to sandy loam 
to sandy clay loam at 1m. It is red throughout the profile, and often has a pale red 
surface. It has an acidic reaction trend throughout the profile, and overlies laterite or has 
lateritic concretions in the profile. Within the Shay Gap SA, it is associated with 
weathered landforms of eroded laterite profiles. 
Across the west Kimberley (but not in the Shay Gap SA), this phase commonly occurs 
in inter-dune corridors and on sandplains, quartzite, sandstones and Permian 
sediments. 
This phase is superficially similar to the Red deep sand, earthy phase and Red sandy 
earth, normal phase, except it has a crusted surface (sometimes with gravels), and a 
high proportion of strongly cemented ferruginous gravels at depth, which sport multiple 
concentric iron oxide skins. Ferruginous gravels from this phase are considered ‘fossil’ 
features, when compared with the contemporary iron-rich segregations of the Red deep 
sand, earthy phase and Red sandy earth, normal phase (see Section 4.1.1 and Burvill 
1944, p. 25). The aerial photo pattern of the Red sandy earth, lateritic phase often 
displays a characteristic surface with a paler red than the Red deep sands. 
This soil is classified as Red sandy earth (Schoknecht & Pathan 2012) and Red 
Kandosol (Isbell & NCST 2016). More gravelly variants may classify as Deep sandy 
gravel or Loamy gravel (Schoknecht & Pathan 2012) and Petroferric, Red Kandosol or 
Ferric, Mesotrophic Red Kandosol (Isbell & NCST 2016). This soil is similar to the 
Yabbagoddy Family described by Rutherford (1964). 
The Red sandy earth, lateritic phase is equivalent to the Cockatoo Sand, gravelly phase 
described by Smolinski et al. (2016). 
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4.2.2 Duplex soils 
The duplex soils have sandy or loamy yellow-brown and reddish-brown topsoil, which 
often forms surface crusts, over hard, brown and reddish-brown sandy clay loam to clay 
subsoils which show well-developed columnar structure. Ferruginous gravels and 
cobbles are often present at the surface and in the profile. 
This soil profile class is classified as variants of sandy or loamy Duplex Supergroups 
(Schoknecht & Pathan 2012) and Sodosols (Isbell & NCST 2016). This soil is similar to 
the Jurgurra Family described by Rutherford (1964). 
4.2.3 Lateritic gravel soils 
The lateritic gravel soils comprise a range of sandy to loamy soils of variable depth, 
commonly high in ironstone gravels. 
These soils are found on lateritic mesas of the Parda Formation, where they usually 
have a gravelly surface mantle protecting a yellow-brown, fine sandy loam topsoil with 
many, fine, ironstone gravels, often over dense, ironstone gravels with a fine, sandy 
loam matrix, over a competent ferruginised pan. Shallow gravel over ferruginised 
hardpan variants are found close to plateau margins. 
Soils with a similar gravelly surface mantle are also found on ironstone gravel rises. 
Subsoil of this variant may be indurated, ferruginised hardpan, but more commonly 
grades to clay loam matrix with many to abundant lateritic ironstone gravels. 
An alluvial variant of the lateritic gravel soils is sandy loam grading to clay loam in 
deeper subsoil, with mixed gravels of various sizes and provenance. This variant is 
found within broad and ill-defined palaeodrainage channels (as mapped by Williams 
2003). 
These lateritic gravel soils belong to the Ironstone Gravel Supergroup (Schoknecht & 
Pathan 2012) and are classified by Isbell & NCST (2016) as: 
• Ferric, Mesotrophic, Red Kandosol 
• Ferric, Petroferric Red Kandosol 
• Sesqui-Nodular Tenosol 
• Ferric, Red-Orthic Tenosol. 
They are similar to the Tippera Family described by Rutherford (1964). 
4.3 Other minor soils 
4.3.1 Sand on restrictive layer 
The Sand on restrictive layer is a structureless, single-grained, red sand with little or no 
increase in clay content with depth. Rock, ferruginous hardpan or ironstone gravels are 
encountered by 1.5m. This soil is a shallow, and minor, variant of the Red deep sand, 
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rock substrate phase.2 It is generally only found near rock outcrops and flanking 
gravelly rises and breakaways. 
This phase is classified as a Red shallow sand (if the restrictive layer is <80cm) or Red 
deep sand (Schoknecht & Pathan 2012), and Lutic Rudosol, Petroferric or Lithic 
Tenosol (Isbell & NCST 2016). 
4.3.2 Sandstone outcrop 
Sandstone outcrop is a surface rather than a soil type, but we describe it as a soil 
phase because it occurs within soil-landscape map units. 
Sandstone outcrop is sandstone that has been cemented by secondary accumulations 
of iron. It often occurs as large boulders and stones with small pockets of shallow sand 
over sandstone. 
The phase is classified as Bare rock (Schoknecht & Pathan 2012) where no sandy 
overlying mantle exists. Surfaces devoid of soil are not classified by Isbell and NCST 
(2016). Surfaces with a mantle of sand are classified as Red shallow sand (Schoknecht 
& Pathan 2012) and Lithic, Leptic Rudosol (Isbell & NCST 2016). 
                                            
2  This definition of ‘shallow’ as extending to 1.5m deep varies from common definitions of 
shallow (e.g. Schoknecht & Pathan 2012), and is intended to be used for the Shay Gap 
survey only. This soil is regarded as shallow in the context of the deep, sandy soils of the 
region. 
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5 Soil chemistry and physical analyses 
Representative samples of each horizon from the most common and agriculturally 
significant soils in the Shay Gap SA were collected for chemical and particle size 
analyses. Examples of each of these soils were also tested in situ for physical 
characteristics. The dominant soils of the study area are: 
• Red deep sand, very deep phase 
• Red deep sand, rock substrate phase. 
There are also two agriculturally significant soil types: 
• Red deep sand, earthy phase 
• Red sandy earth, lateritic phase. 
Appendix B provides full descriptions of examples of each of these types, including 
profile morphology, chemical and physical analyses. 
5.1 Soil chemistry 
5.1.1 Soil pH 
The Red deep sands have an acidic soil reaction trend, with an acidic topsoil (pHCa 
range of 4.7–5.5) and a slightly acidic subsoil with depth (pHCa range of 5.5–6.5). Deep 
subsoil horizons (to 4m) remain slightly acidic, in contrast to subsoils in the La Grange 
area, which become neutral to slightly alkaline. 
5.1.2 Soil electrical conductivity  
The soils have very low EC values. The EC of soil under native vegetation was 
generally less than 1 millisiemens per metre (mS/m) throughout the profile. Soil EC on 
irrigated areas north of the Shay Gap SA was slightly higher, at 5mS/m throughout most 
of the profile, with several readings reaching 10mS/m, which is still regarded as non-
saline. 
5.1.3 Soil organic carbon 
Under native vegetation, the soils contain very low levels of soil organic carbon (SOC), 
with maximum measured topsoil SOC of 0.5%. The upper topsoil horizons (0–15cm) 
contain a mean SOC of 0.29%, and lower topsoils (15–30cm) contain a mean SOC of 
0.2%. SOC gradually decreases with depth, with a mean SOC of 0.15% at 30cm and 
0.1% at 1m. 
Subsoils with higher clay content were analysed for SOC from samples extracted from 
soil at the irrigation pivots of Wallal Downs and Pardoo stations, and from the Nita 
Sandplain sandy earth phase area of Shay Gap SA. They contained 0.15–0.2% SOC at 
depths of 1.5–3.5m, which — while low in an absolute sense — is twice as much SOC 
as occurs at similar depths in sandy subsoil. 
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5.1.4 Cation exchange capacity and exchangeable base cations 
Cation exchange capacity (CEC) is a measure of the charge on the soil available to 
store positively charged ions. In mineral soils, it generally correlates with the amount 
and type of clay present, but is also influenced by organic carbon, iron and aluminium 
oxides. 
The CEC of the Shay Gap SA soils is extremely low. Sands generally have a CEC of 
less than 1 centimoles of positive charge per kilogram (cmol(+)/kg) throughout the top 
1.5m. The earthy and lateritic phases of the Red sandy earths have a higher clay 
content at depth. Consequently, they also have an increase in CEC to around 
2.5cmol(+)/kg, which is still regarded as very low. 
The CEC of soil facilitates the storage of exchangeable cations. It is difficult to make 
meaningful assessments of exchangeable bases present at very low CEC levels, as 
occurs in the Red deep sands of the study area. Nevertheless, the likelihood of 
deleterious soil physical characteristics can be inferred by the amount of sodium as a 
percentage of the total and the calcium to magnesium ratio. 
The dominant cation in the soils of the Shay Gap SA is calcium, although values are 
generally less than 1cmol(+)/kg throughout the soil profile. The calcium to magnesium 
ratio is often three or greater in the topsoil, although it often reduces to less than three 
in the subsoil. This may contribute to the dispersion of clay particles. 
The exchangeable sodium percentage (ESP) of most soils of the study area is less than 
3% and is regarded as non-sodic and not prone to dispersion — the critical ESP for 
sodic soils and dispersion is 6%. In contrast, the ESP of irrigated soils at Pardoo and 
Wallal Downs stations was generally above 10%, and ranged up to 26%. This is 
possibly a consequence of proximity to the coast and the influence of coastal sediments, 
the use sodium-rich irrigation water, or a combination of both. Since the analysis 
method lacked a pre-wash treatment, the measured ESP is likely to be greater than the 
true ESP. The long-term consequence of using sodium-rich irrigation water is an 
increase in ESP and an increased risk of dispersion. 
5.1.5 Soil nutrients and nutrient retention 
Shay Gap SA soils have inherently low nutrient levels in the topsoil and subsoil. This is 
a consequence of their very low SOC, and very low clay content with very low CEC. 
Following is a brief discussion of important plant nutrients in the study area. 
Nitrogen 
Nitrogen in soil is mostly stored in SOC (Mason 1998). SOC — and hence nitrogen — 
are both extremely low in the Red deep sands in the study area (Section 4.1.3). 
Nitrogen would need to be applied for the soils to support irrigated agriculture. 
Phosphorus 
The phosphorus (P) buffering index (PBI) is the Australian (Burkitt et al. 2002) standard 
P sorption measure used in conjunction with Colwell P (Colwell 1965) for determining 
critical phosphorus levels within soils. 
The depth weighted mean PBI of soils (sampled to 1.5m) under native vegetation in the 
Shay Gap SA was about 10. It ranged from about 5 in sandy topsoil to about 10 in 
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sandy subsoil at 1m, and then up to 17 at 1.5m, where texture became a clayey sand 
as clay content increased. As the clay content increased further with depth, becoming a 
sandy loam at 2.5–3m, the PBI increased to about 20, indicating that fertilising the 
topsoil to the critical level will maintain sufficient phosphorus to maximise plant growth 
while retaining a safety net in the subsoil to reduce the risk of phosphorus loss. This 
strategy will require regular, small applications of phosphorus, accompanied with 
regular soil testing to reduce the likelihood that the critical Colwell P values in the topsoil 
will be exceeded. At these topsoil PBI values, the critical Colwell P (to produce 95% of 
maximum lucerne pasture yield) is 22.3 milligrams per kilogram (mg/kg; Gourley et al. 
2007). Most of the Colwell P values were below detection limits (<2mg/kg), indicating 
that phosphorus levels are far less than what is required for pastures. 
The limited sampling we conducted on soil under irrigation north of the Shay Gap SA 
produced an indicative whole-soil PBI of 17 and a topsoil PBI of 7.5. The critical Colwell 
P value for pasture at this topsoil PBI is 23mg/kg. Measured Colwell P values averaged 
5.25mg/kg in the topsoil and 4mg/kg in the 10–30cm layer, before returning to similar 
levels as the subsoil under native vegetation. This higher Colwell P value of the topsoil 
is driven by fertilisation, but is still below the critical Colwell P value. 
Presently, the irrigation sites are likely to contribute little to eutrophication, but with time 
and continued fertilisation, the soils may contribute if soil testing does not continue. Soil 
testing will ensure adequate supply and limit risks of movement of phosphorus beyond 
the rooting zone. 
Potassium 
Gourley et al. (2007) identified that the critical potassium level in sandy soils is 
126mg/kg. The soil under native vegetation in the Shay Gap SA had a mean potassium 
level of about 25mg/kg, which is a fifth of the critical threshold. 
Potassium in irrigated soil north of the study area was about 40mg/kg, almost double 
the level in soils under native vegetation, but still below the critical threshold. 
Sulfur 
Sulfur levels in soils under native vegetation in the Shay Gap SA were also significantly 
below the critical threshold, estimated by Gourley et al. (2007) from a suite of Australia-
wide experimental data to be 8mg/kg. The mean sulfur levels for the top 80cm of soil in 
the study area was 2mg/kg, rising to 6mg/kg in the subsoil where a slight clay increase 
occurs at 80–150cm. 
In contrast, the sulfur level at the two longest-irrigated sites we tested north of the Shay 
Gap SA was sufficient, at about 10mg/kg in the topsoil. Interestingly, one irrigation site 
showed several pulses of elevated sulfur at depths to 3m, suggesting repeated leaching 
episodes due to intense rainfall, excessive application of irrigation water, or both. The 
second site displayed uniform sulfur levels to 2m, which was the maximum depth 
sampled at this site. 
5.2 Soil physical properties 
We tested selected sites for particle size analysis, bulk density and unsaturated 
hydraulic conductivity. We only sampled sites that were classified as suitable for 
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irrigation and sites under current irrigation, to identify potential degradation issues 
caused by management. 
5.2.1 Bulk density 
The Red deep sands under native vegetation in the Shay Gap SA consistently had a 
topsoil (0–10cm) bulk density between 1.45 and 1.55 tonnes per cubic metre (t/m3; units 
are equivalent to grams per cubic centimetre; g/cm3), with a mean of approximately 
1.5t/m3. This increased in the lower topsoil (10–30cm) to 1.6t/m3. These bulk density 
ranges are typical for structureless, sandy soil. 
Irrigated soil north of the study area had significantly greater bulk densities, with 
1.65t/m3 in the topsoil (0–10cm) and 1.75t/m3 in the lower topsoil (10–30cm).  
Bulk density of subsoil from 35–65cm was measured at 1.7–1.75t/m3 at several sites. 
We consider this value a tentative confirmation of an estimated bulk density of 1.7t/m3 
for the upper metre, with an increase at lower depths, based on our experience of 
similar-textured soils elsewhere.  
5.2.2 Water characteristics 
In May 2016, an unseasonal storm passed over the area, with Pardoo, Wallal Downs 
and Mandora stations recording 11mm, 102mm and 134mm, respectively. We 
estimated 85–100mm of rain fell over the Shay Gap SA, inundating tracks, forming 
temporary creeks and stopping our field survey for a day. 
We recorded dry soil throughout the profile at all sites described prior to the rainfall. 
Following the rainfall, we recorded wet soil to 1–1.4m below the surface, which provided 
an indication of real-life conditions of infiltration into the soil, and topsoil moisture 
storage. 
Unsaturated hydraulic conductivity measurements on Red deep sand, very deep phase 
generated a calculated mean saturated hydraulic conductivity (Ksat) value of 8.59 
metres per day (m/d). This value resembles the Ksat value of 8.3m/d in soil under native 
vegetation measured by Smolinski et al. (2016). 
North of the Shay Gap SA, the Ksat of irrigated Red sandy earth, normal phase was 
about 7.4m/d. In the La Grange area, similar soil developed for horticulture had a 
significantly lower Ksat of 2.3m/d (Smolinski et al. 2016). This difference is largely due to 
the destruction of bio-pores by compaction and plough pans in the La Grange area, 
whereas the newly developed soil at Pardoo and Wallal Downs irrigation areas have not 
yet had the same degree of repeated traffic, or multiple wet–dry cycles. We presume 
that over time, Ksat of soil under irrigation in and near the Shay Gap SA will reduce to 
similar levels seen at La Grange irrigation developments. 
We modelled plant available soil water capacity using the Soil Water Express module of 
APSIM. For the model parameterisation, we used mean actual bulk density for soil 
layers from the surface to 60cm (Section 5.2.1) and estimated bulk density for layers 
below 60cm. All other parameters were mean values from results of soil analyses. 
The Soil Water Express data tables and graphs in Appendix C indicate that crops will 
draw moisture from a maximum depth of 3m. This is supported by our field observations 
at cropped irrigation pivots, which recorded wetter soil at 2.5m and below. In these 
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situations, it appears that water was applied excessively (via irrigation or rainfall) and 
extended to depths beyond crop roots. 
The modelling estimated the Red deep sand, very deep phase and Red deep sand, 
rock substrate phase could hold about 130mm of water within the 3m nominal rooting 
depth (129 and 132mm, respectively). The Red deep sand, earthy phase could hold 
139mm and the Red sandy earth, normal phase could hold 153mm (Table 5.1). 
Importantly, the latter two could hold more moisture at greater depth than the former 
two, potentially resulting in greater irrigation efficiency, since applied water will be less 
prone to leakage below the root zone in the soils with higher subsoil clay content. 
Table 5.1 Summary of  modelled water avai labi l i ty for three soils most l ikely to 
support irr igated agriculture within the Shay Gap study area 
Soil type 
Average 
water 
availability 
(mm/m) 
Total plant 
available water 
capacity (mm) 
Percentage increase 
over Red deep sand 
(%) 
Red deep sand, very deep phase and 
Red deep sand over rock substrate 
(no significant difference between soil 
water of these two soils) 
60 129 – 
Red deep sand, earthy phase 60 139 8 
Red sandy earth, normal phase 70 153 19 
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6 Soil-landscape map units 
This section describes the conceptual model of landscape evolution that we developed 
and used during this survey to predict and map the spatial extent of the range of soils 
previously described. It also describes the components of each map unit in the 
hierarchical framework used in WA, described by Schoknecht et al. (2004) and Tille 
(2006). 
6.1 Conceptual model of landscape evolution 
This discussion of our conceptual model of the geomorphological and pedological 
development of the Shay Gap SA explains the rationale used in distinguishing soil types 
(Section 4) and map units (Section 6.2). 
The Shay Gap SA is generally a low relief pediplain derived from sandstone, with 
laterite development occurring in several, perhaps numerous, phases in past times, and 
continuing in small amounts to the present day.  
Contemporary soil development appears subdued because of the arid climate and low 
net primary productivity of the vegetation. It occurs as:  
• in situ weathering on subdued, ferruginous sandstone uplands 
• colluviation in lower-lying palaeovalleys 
• subsurface neo-formation and translocation of clay and iron oxide nodules 
• aeolian reworking of loose surface sand. 
6.1.1 Subsoil clay development 
An increase in clay content at depth (often >5m) is the most noticeable soil 
development in sandy parent material. We speculate that elevated subsoil clay derives 
from neo-formation by subsoil bacteria sustained by water soluble organic substrate 
originating from overlying vegetation. This increase in clay content is most apparent 
where water accumulates, such as: 
• in lower valley positions above weakly weathered and unweathered sandstone 
• at the base of rocky outcrops, mesas and gravelly rises 
• under sumps at the termination of ephemeral creeks. 
Areas where vegetation is inferred to have a regular supply of subsurface moisture from 
the Broome aquifer tend to have the most clay at depth. These areas also often contain 
low to appreciable amounts of ironstone gravel. 
The subsoils of new irrigation developments near the coast north of the Shay Gap SA 
have a significantly greater clay content at depth (up to heavy, sandy clay loam texture 
with 20–30% clay) than the superficially similar profiles in the study area, whose 
subsoils tend to be clayey sands (with up to 8% clay). We tentatively attribute this to the 
perennial presence of the unconfined Broome aquifer under the sandplain near the 
coast; the Broome aquifer is only present in the far north-west of the study area. 
Such a regular water supply would presumably promote photosynthetic productivity and 
facilitate the denser vegetation growth of the Pindan scrub near the coast, as opposed 
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to the spinifex grassland further inland. Presumably, photosynthetic productivity of the 
scrub provides an organic substrate to sustain and facilitate proliferation of bacteria 
within the soil profile, a recognised generator of clay minerals (Tazaki 2006). 
Subsoils with elevated clay content (sandy loam to clay loam textures at 1–2m) are also 
more prominent in the La Grange area to the north, where the Broome aquifer is more 
extensive. We speculate that increased subsoil clay neo-formation north-east of 
Mandora Marsh could be augmented by the greater volume and more regular summer 
rainfall in the La Grange area, which contributes to the more extensive Broome aquifer 
north of Mandora Marsh. The combination of better groundwater supply and more 
regular summer rainfall contributes to higher biomass and, presumably, higher efflux of 
organic substrate into the subsoil.  
The case remains for explicitly distinguishing between sandplain landforms south and 
north of Mandora Salt Marsh, and the broadscale digital soil map created during this 
project (Appendix A) identifies a likely natural boundary just north of Mandora Salt 
Marsh. 
6.1.2 Laterite development 
We used the biological formation hypothesis (Pate et al. 2001, Verboom & Pate 2003) 
as the model for laterite formation in the Shay Gap SA. These authors invoke the role of 
vegetation in producing soluble organic acids, principally from cluster roots of native 
species including from the Proteaceae family, which form iron-rich complexes. 
Precipitation of iron in soil occurs when soil bacteria consume the organic complexes. 
This mode of formation contrasts with recent geology references that identify laterite 
primarily as a humid tropical weathering phenomenon during the Tertiary period, even 
though early geologists in Australia recognise laterite profiles of the south-west as 
contemporaneous (Carroll 1939), and reliance on tropical humid weathering for past 
laterite formation is disputed (Paton & Williams 1972, Chivas & Bird 1993, Pate et al. 
2001). 
Proteaceous vegetation that gives rise to laterite, according to Pate et al. (2001), also 
occurs on lateritic landforms in the Shay Gap SA. Grevillea byrnesii and G. refracta 
appear to preferentially occupy intact breakaway plateaus and loamy gravel rises. G. 
refracta appears elsewhere in low density, and is most often associated with gravelly 
rises and soil containing ironstone gravel. 
The laterite profiles found on plateaus above the Parda Formation appear to be largely 
relict. The Parda Formation retains characteristics of a deeply weathered pallid zone 
profile, with an obvious nutrient-depleted zone, largely devoid of vegetation, below the 
laterite capping and above a layer of ferruginised sandstone. This pallid zone generally 
corresponds to the rooting depth of the native vegetation. The ferruginous sandstone 
produces a characteristic prominent step in the scarp retreat sequence because it is 
resistant to weathering. Vegetative growth below this step is closer in density to the 
plains, regardless of the generally higher evaporative demand on the scarp flank 
(Figure 6.1). This indicates a higher nutrient status of soil below the ferruginous 
sandstone and a more nutrient-depleted zone above it, rather than any distinct changes 
in moisture availability. 
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Moving south in the Nita Sandplain Zone, onto the main catchment divides, the lateritic 
breakaways become more prevalent. Interfluves further south and on major catchment 
divides retain more weathered and eroded remnants of lateritic origin, providing 
evidence that this mature laterite profile was once more extensive and has been 
stripped back by erosion processes. 
Rates of laterite development in the Shay Gap SA now appear very subdued. We 
attribute this to: 
• low net primary productivity resulting from low rainfall 
• low efflux of root exudates due to the low density of presumed formative species 
• a limited supply of iron and aluminium to form a mineral lattice substrate. 
The only place where laterite development appears contemporary is at depth within the 
soil, in the moisture-accumulating zone near the basement sandstone. Burvill (1944) 
identifies the presence of similar gravel in Cockatoo Sands at Kununurra as 
contemporaneous laterite development. 
 
Figure 6.1 Features of  the laterite prof i le in the Shay Gap study area 
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6.1.3 Aeolian activity 
Sand dunes are a notable feature of the Shay Gap SA. They are sparsely distributed 
and largely form via persistent easterly winds moving surface sands immediately after 
fire. This sediment-limited model accords with Wasson and Hyde (1983). Across the 
area, dune formation is significantly influenced by disruptions to airflow over the surface, 
with dunes most commonly forming directly downwind of ferruginous sandstone rises. 
These still protrude prominently when viewed from the east, but are buried by aeolian 
sand at their western extent. Where sand supply reduces or ceases, the dunes 
separate from their ‘seeding’ rock, migrate westwards and disintegrate. Evidence from 
the aerial photographic pattern suggests this has occurred with larger, now poorly 
defined, relict dunes in the past. 
Figure 6.2 demonstrates this pattern. The top-most dune maintains a connection to the 
wind barrier — a rock outcrop at the eastern extremity of the dune. The dune second 
from the top is disconnected from the rock outcrop to the east. The dune is migrating 
west, but retains a prominent peak and slipface indicative of a ‘young’ dune. The lowest 
two dunes are also disconnected from their ‘parent’ seeding rock and are more subdued, 
effectively stabilised by vegetation growth which is denser than the top two dunes. The 
lower two dunes are now degrading by colluviation and minor aeolian denudation. 
Interestingly, the pattern of the rock outcrops to the east of the dune second from the 
top is different to the outcrops west of the same dune. We speculate the burial of rock 
by windblown sand may facilitate water accumulation and vegetation growth with 
concomitant root exudation, thus enhancing rock weathering, bioaccumulation of 
precursor minerals and neo-formation of clays. 
 
Figure 6.2 Aerial photograph showing the sequence of  dune formation and 
degradation following separat ion f rom ‘seeding’ rock outcrop (eastern sect ion of  
the Shay Gap study area) 
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6.2 Description of soil-landscape map units 
Each land system and its component subsystems and phases are described in the 
sections below. We defined soils residing within each mapping unit according to the 
soils described in Section 4 and the WA soil group classification. For each mapped land 
unit, we estimated the percentage of area that each soil type occupies. Where relevant, 
similar map units from past surveys are referenced, thus we were able to correlate 
across surveys to aid in comparing the irrigation potential of the Shay Gap SA with the 
La Grange area. 
Where possible, the subsystem names and symbols directly relate to the number 
assigned to each unmapped land unit described by Van Vreeswyk et al. (2004). For 
example, the Callawa 1 subsystem is the equivalent of unit 1 in the description of the 
Callawa System on pages 206–207 of Van Vreeswyk et al. (2004). 
Table 6.1 shows the subsystems and phases mapped for the Nita and Callawa systems 
within the Shay Gap SA. We used Albers Equal Area projection to minimise distortion 
and maximise accuracy of our calculated areas. 
Table 6.1 Soil- landscape systems, subsystems and phases mapped in the Shay 
Gap study area 
System Subsystem & total area Phase  Area (ha) 
Nita (117Nt) 
(69 892ha) 
Nita 3 subsystem 
(117Nt_3):  
Sand dunes (1955ha) 
Dune (117Nt_3d) 1 955 
Nita 4 subsystem 
(117Nt_4):  
Sandplains (54 080ha) 
Alluvial channel (117Nt_4a) 658 
Sandsheet — earthy (117Nt_4e) 1340 
Sandsheet (117Nt_4s) 52 082 
Nita 5 subsystem 
(117Nt_5):  
Rises (13 856ha) 
Scree slope and breakaway (117Nt_5b) 1 
Pallid clay (117Nt_5c) 4 
Gravel rise (117Nt_5g) 94 
Rock outcrop (117Nt_5r) 816 
Sandsheet (117Nt_5s) 12 941 
Callawa (117Cl)  
(18 823ha) 
Callawa 1 subsystem 
(117Cl_1):  
Mesa & plateau (203ha) 
Scree slope and breakaway (117Cl_1b) 162 
Plateau surface (117Cl_1p) 41 
Callawa 2 subsystem 
(117Cl_2):  
Lateritic rises (3215ha) 
Pallid clay (117Cl_2c) 128 
Gravel rise (117Cl_2g) 2 948 
Rock outcrop (117Cl_2r) 139 
Callawa 3 subsystem 
(117Cl_3):  
Sandy rises (15 405ha) 
Alluvial channel (117Cl_3a) 130 
Dune (117Cl_3d) 223 
Sandsheet (117Cl_3s) 15 052 
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Figure 6.3 displays the soil-landscape map of the Shay Gap SA. It shows the system 
boundaries (revised from the originals described by Van Vreeswyk et al. 2004) and the 
distribution of the component subsystems and phases (the mapped land units). This 
map is also presented in large format in Appendix F. 
 
Figure 6.3 Soi l- landscape map of  the Shay Gap study area 
6.2.1 Soil-landscape map units of the Nita System (117Nt) 
The Nita System occupies just under 70 000ha or 78% of the Shay Gap SA. It 
comprises erosional surfaces of ferruginous sandstone low rises, and broad sandplain 
comprising colluvial and alluvial infill of palaeovalley systems. Sandplains have been 
subjected to extensive local aeolian reworking (Figure 6.4 and Figure 6.5).  
The underlying geology is Cretaceous–Jurassic sandstone of the Callawa Formation. 
The Nita System is located between the mesas and rises of the Callawa System inland 
and on catchment divides, and the coastal land systems adjacent to Eighty Mile Beach.  
Three subsystems and nine phases have been mapped and are described below. Then 
Table 6.2 shows the estimated areal percentage that each soil type occupies within 
each soil-landscape phase of the Nita System. 
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Figure 6.4 Nita System with ferruginous sandstone outcrop (Nita 5 rock outcrop, 
117Nt_5r) in the r ight foreground, Nita 3 sand dune (117Nt_3d) extending f rom 
the outcrop into the distance on the r ight ,  and Nita 5 sandsheet on low r ises 
(117Nt_5s) centre and lef t  
Nita 3 subsystem (117Nt_3): Sand dunes 
The Nita 3 subsystem retains the nomenclature of Van Vreeswyk et al. (2004). 
These sand dunes extend across the Nita and Callawa systems. The Nita 3 subsystem 
contains only one phase, the Nita 3 dune phase (117Nt_3d), and has the same 
description as the Callawa 3 dune phase (117Cl_3d). 
Nita 3 dune phase (117Nt_3d) 
The dune phase has linear ridges of aeolian sand about 5–9m high, projecting above 
the surrounding plain. These are generally 100–500m across and 5–9km long and are 
oriented at about 290°. The soil is a uniform, fine to medium siliceous sand that has 
been abraded by wind activity and is polished and rounded, but still retains an iron 
oxide coating and characteristic red colour. Soils are mostly Red deep sands, dune 
phase. Dunes often terminate at the eastern end with ferruginous sandstone low rises. 
Nita 4 subsystem (117Nt_4): Sandplain 
This subsystem is a level to very gently undulating sandplain that appears to be in situ 
and colluvial/alluvial in origin, with significant aeolian reworking (Figure 6.5). It has very 
subdued relief, as can be seen by comparing the landscape in Figure 6.5 (Nita 4) with 
the landscape of the Nita 5 subsystem in Figure 6.6. It has been subdivided into three 
phases, described below. 
Nita 4 alluvial channel phase (117Nt_4a) 
This phase comprises ephemeral drainage channels and water accumulation zones 
terminating in outwash fan deposits. Most run-off is generated from the Callawa System 
and flows onto the Nita System. Water from the Callawa 3 alluvial channel phase 
(117Cl_3a) often flows to the Nita alluvial channel phase before dissipating into the 
surrounding sandplain unit. Extensive drainage networks do not form in the Nita System. 
Soils in this unit are duplex soils (mostly sandy duplex soils) and Red deep sand, very 
deep phase. 
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Figure 6.5 Landscape of  Nita 4 sandsheet phase (117Nt_4s) with inset images: 
(a) in s itu/colluvial or igin of  sand revealed by variable grain sizes brought to 
the surface by ants; (b) layer ing of  the f irst 5cm indicat ing recent aeol ian 
reworking and deposit ion 
Nita 4 earthy sandsheet phase (117Nt_4e) 
The Nita 4 earthy sandsheet phase represents areas within the Nita Sandplain with 
loamy-textured subsoils dominated by Red deep sand, earthy phase. The soil surface is 
similar to the other sandsheet phase (117Nt_4s), but subsoil texture grades to sandy 
loam and then sandy clay loam, with weathering sandstone often encountered at about 
5m deep. Red sandy earth, normal phase is also encountered and becomes more 
dominant within this unit towards the coast. 
This map unit becomes more common towards the coast and the area influenced by 
permanent, unconfined Broome aquifer, where the vegetation matches the Pindan of 
the Dampier botanical district. 
The Nita 4 earthy sandsheet phase is similar to the Sandy Pindan unit described by 
Smolinski et al. (2016). 
Nita 4 sandsheet phase (117Nt_4s) 
This phase dominates the Nita 4 subsystem. The dominant soil is Red deep sand, very 
deep phase. At many observation sites, 7–8m holes were drilled without reaching 
sandstone, and there was only a slight increase in clay content with depth. 
At some sites, we did reach evidence of weathered sandstone, which was always 
deeper than 5m and mostly deeper than 7m. This soil is Red deep sand, rock substrate 
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phase, and it occupies small areas of this map unit. This map unit also contains minor 
areas of Red deep sand, earthy phase. 
Nita 5 subsystem (117Nt_5): Rises 
This map unit represents gently undulating drainage divides that contribute colluvial and 
aeolian material to the Nita 4 subsystem. It is an in situ sandplain with aeolian reworking, 
and is formed on ferruginous sandstone that commonly outcrops on crests and divides 
(Figure 6.6). Slopes of 3% are common, which contributes to erodibility by water. 
Five phases of the Nita 5 subsystem have been mapped and are described below. 
Nita 5 scree slope and breakaway phase (117Nt_5b) 
This is a very minor occurrence. The scree slope and breakaway face are steep to 
precipitous slopes with dense gravel, cobble and boulder lags. Duplex soils (mostly 
shallow duplex) and lateritic gravel soils are most common, and clay soils occur 
infrequently. 
Nita 5 pallid clay phase (117Nt_5c) 
This is a very minor occurrence. Pallid clay exposures are sparsely vegetated, 
undulating rises containing duplex soils. This phase is rare but generally abuts gravelly 
terrain and is surrounded by sandsheets (117Nt_5c). 
Nita 5 gravel rise phase (117Nt_5g) 
This phase represents small, gravelly rises of limited extent, usually within the Nita 5 
rises subsystem. These occurrences are rare and are in situ or colluvial in origin. Soils 
of these units are from the lateritic gravel soils, usually with loamy subsoil. This map 
unit occasionally forms rises within the Nita 4 sandplain subsystem. Here, the soil is an 
alluvial deposit of mixed — predominantly ironstone gravel — origin with a loamy soil 
matrix, and is also considered to be part of the lateritic gravel soils. Although alluvial, 
these areas form low rises within the alluvium because they are relic deposits and the 
gravelly surfaces are resistant to erosion. Over time, they have remained in place while 
the surrounding sandy alluvium/colluvium has deflated as a result of wind and water 
erosion. 
Nita 5 rock outcrop phase (117Nt_5r) 
This phase represents ferruginous sandstone outcrop. This map unit occupies a small 
percentage of the broader Nita 5 rises subsystem. The phase is most common on 
crests and broad divides and becomes more common towards the coast. The dominant 
surface is Sandstone outcrop with common Sand on restrictive layer and minor Red 
deep sand, rock substrate phase. 
This map unit is equivalent to Land Unit 1 of Nita described by Van Vreeswyk et al. 
(2004), and we have modified it to represent its status as a small phase within a 
broader subsystem. 
Nita 5 sandsheet phase (711Nt_5s) 
This phase dominates the Nita 5 subsystem. It consists of rises, slopes and broad 
depressions formed on erosional and colluvial slopes surrounding rocky outcrops 
(Figure 6.6). 
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The major soil is Red deep sand, rock substrate phase, with many sites showing 
evidence of weathered sandstone at 7m below the surface. Minor areas of this map unit 
may also contain the Red deep sands, very deep phase and Red deep sands, earthy 
phase. 
 
Figure 6.6 Nita 5 sandsheet phase (117Nt_5s), viewed f rom Nita 5 rock outcrop 
phase (117Nt_5r),  visible in r ight foreground 
  
Table 6.2 Estimated areal percentage that each soil type occupies within each map unit  phase of  the Nita System 
Map unit phase 
Soil type 
Red deep sand 
Red sandy 
earth, normal 
phase (%)a 
Lateritic 
gravels 
(%) 
Duplex 
soils (%) 
Shallow 
sand (%) 
Sandstone 
outcrop (%) 
Earthy 
phase (%) 
Very deep 
phase (%) 
Rock 
substrate 
phase (%) 
Dune 
phase (%) 
Sand dune phase (117Nt_3d) 0 0 9 90 0 0 0 0 1 
Alluvial channel phase 
(117Nt_4a) 
0 60 20 0 0 0 20 0 0 
Earthy sandsheet phase 
(117Nt_4e) 
30 15 30 0 20 5 0 0 0 
Sandsheet phase (117Nt_4s) 10 65 20 0 5 0 0 0 0 
Scree slope and breakaway 
phase (117Nt_5b) 
0 0 0 0 0 50 50 0 0 
Pallid clay phase (117Nt_5c) 0 0 0 0 0 0 100 0 0 
Gravel rise phase (117Nt_5g) 0 0 5 0 0 85 0 10 0 
Rock outcrop phase 
(117Nt_5r) 
0 0 5 0 0 0 0 25 70 
Sandsheet phase (117Nt_5s) 10 40 50 0 0 0 0 0 0 
a  Red sandy earth, normal phase is classified as a distinct soil type in WA soil groups, but is genetically similar to Red deep sand phases  
(Section 4.1.1) 
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6.2.2 Soil-landscape map units of the Callawa System (117Cl) 
The Callawa System occupies just over 18 800ha or 22% of the Shay Gap SA. It 
overlies lateritised Parda Formation claystones and ferruginous Cretaceous sandstone, 
and contains remnant surfaces of mesas and plateaus, and partly eroded gravelly 
plains, rises and low hills. It also incorporates sandsheets, which are found on colluvial 
slopes and plains adjacent to erosional rises. All units have been subjected to varying 
levels of aeolian reworking (Figure 6.2 and Figure 6.4). 
The Callawa System is prominent on major catchment and subcatchment divides 
occupying interfluves of main palaeodrainages, becoming more dominant as stripping 
reduces towards headwaters. 
The underlying geology is sedimentary rocks, mostly late Cretaceous Parda Formation 
and Cretaceous–Jurassic sandstone of the Callawa Formation. All units of this system, 
except the sandsheet, have been subjected to significant lateritisation, which occurs 
preferentially on the Parda Formation. 
To the north-east of the study area, the Phire System has similarities to the Callawa 
System. It is found where the Parda Formation — overlying the Broome sandstone of 
the west Kimberley — rises above the sandplains of the Nita System. 
A panoramic view of the Callawa System is presented in Figure 6.7. The Callawa 
lateritic plateau (117Cl_1p) is at the far right. The scree slope and breakaway 
(117Cl_1b) is immediately adjacent, visible in the lower right. The Callawa pallid clay 
(117Cl_2c) exposure is visible in the lower left. There are small rises of pale green 
spinifex in the central distance of the photo, denoting the Callawa gravelly rises 
(117Cl_2g). In the middle ground are drainage channels (117Cl_3a) supporting dense 
woodland. The broad sandsheet (117Cl_3s) is visible (but not prominent) in the 
distance to the left, and its true extent is underplayed by the panoramic view. Largely 
missing from this image is the Callawa rock outcrop (117Cl_2r) of ferruginous 
sandstone, located halfway down the scree slope in the far distance (see Figure 6.1 to 
visualise these units). 
Three subsystems and eight phases have been mapped and are described below. Then 
Table 6.3 shows the estimated areal percentage that each soil type occupies within 
each soil-landscape phase of the Callawa System. 
 
Figure 6.7 Panoramic view of  the Cal lawa System 
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Callawa 1 subsystem (117Cl_1): Mesas and plateaus 
This unit represents the remnants of a relict lateritised surface, eroding via scarp retreat. 
The unit becomes more extensive further south, in and beyond the Shay Gap SA. 
This unit is a significant landscape component towards the east, where it forms the Radi 
Hills beyond the borders of the study area. These lateritised hills are a partly dissected, 
rolling surface (rather than a broad, level peneplain), and it appears here, like 
elsewhere, that there are several surfaces of laterite development. 
The Callawa 1 subsystem is subdivided into two phases, described below. The Callawa 
1 subsystem may also contain a third phase that contains areas of pallid clay 
(117Cl_2c), which are associated with the scree slope and breakaway phase 
(117Cl_1b), but are too small to be mapped separately at this scale. 
Callawa 1 scree slope and breakaway phase (117Cl_1b) 
The scree slope and breakaway face are steep to precipitous slopes with dense gravel, 
cobble and boulder lags. Duplex soils (mostly shallow duplex) and lateritic gravel soils 
are most common, and clay soils occur infrequently. 
Callawa 1 plateau surface phase (117Cl_1p) 
This phase represents isolated remnants of flat to very gently undulating peneplain 
surface, sitting about 60m above the surrounding plains. Lateritic gravel soils are 
dominant. This phase is surrounded by scree slopes and breakaways. 
Callawa 2 subsystem (117Cl_2): Lateritic low rise 
This subsystem comprises isolated, gravelly low rises (Figure 6.8) and gravelly ridges 
radiating from the scree slopes of breakaways. Lateritic gravel soils are dominant. 
These rises represent lower level, younger laterite. They generally lack evidence of 
breakaways. Geomorphic processes are dominated by colluviation and aeolian burial. 
The Callawa 2 subsystem has been subdivided into three phases, described below. 
Callawa 2 pallid clay phase (117Cl_2c) 
Pallid clay exposures are sparsely vegetated, undulating rises containing duplex soils. 
This phase is rare but generally abuts gravelly terrain and is surrounded by sandsheets 
(117Cl_3). 
Callawa 2 gravel rise phase (117Cl_2g) 
This phase has low, domed rises and plains with abundant ironstone gravels and 
sandstone that has been variably weathered, ferruginised and silicified. Lateritic gravel 
soils dominate with minor Red sandy earth, lateritic phase. This is the dominant phase 
of the subsystem. 
Callawa 2 rock outcrop phase (117Cl_2r) 
The rock outcrop phase is characterised by isolated, small, ferruginous sandstone 
outcrops. The pale hue of the aerial photo pattern of the soil proximal to outcrops 
suggests a weathered surface. Sandstone appears to be weathered and is cemented 
with secondary accumulation of iron oxides. The dominant surface is Sandstone 
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outcrop with common Sand on restrictive layer and minor Red deep sand, rock 
substrate phase. 
 
Figure 6.8 View of  Cal lawa sandsheet (117Cl_3s) surrounding Callawa 2 
gravelly low r ises (117Cl_2g) 
Callawa 3 subsystem (117Cl_3): Sandsheet 
The Callawa 3 subsystem comprises gently undulating sandplains surrounding plateaus 
(117Cl_1) and lateritic, low-rise subsystems (117Cl_2). It has been subdivided into 
three phases, described below. 
Callawa 3 alluvial channel phase (117Cl_3a) 
This phase comprises ephemeral drainage channels and water accumulation zones. 
Most run-off is generated from the adjoining Callawa 1 and 2 subsystems. The alluvial 
channels originate from these subsystems and flow through the Callawa 3 sandsheet. 
Water quickly dissipates into the surrounding sandplain soils and does not form 
extensive drainage networks. Soils in this unit are duplex soils (mostly sandy duplex 
soils) and Red deep sand, very deep phase. 
Callawa 3 dune phase (117Cl_3d) 
The dune phase has linear ridges of aeolian sand projecting 5–9m above the 
surrounding plain. These dunes are generally 100–500m across and 5–9km long and 
are oriented at about 290°. The soil is a uniform, fine to medium siliceous sand that has 
been abraded by wind activity and is polished and rounded, but still retains an iron 
oxide coating and characteristic red colour. Soils are mostly Red deep sands, dune 
phase. Dunes often terminate at the eastern end with ferruginous sandstone low rises. 
The sand dunes extend across the Callawa and Nita systems and so the description for 
Callawa 3 dune phase (117Cl_3d) and Nita 3 dune phase (117Nt_3d) is the same. 
Callawa 3 sandsheet phase (117Cl_3s) 
This phase has low rises and plains of extensive sandsheets, and also has narrow 
sandsheets surrounded by gravelly rises. This map unit is dominated by Red deep sand, 
rock substrate phase. Marginal to the gravel rises, the soils may be lateritic ironstone 
gravels, often overlain by fine sand and Red sandy earth, lateritic phase. 
  
Table 6.3 Estimated areal percentage that each soil type occupies within each map unit  phase of  the Callawa System 
 Soil type 
Map unit phase 
Red deep sand 
Red sandy earth, 
lateritic phase (%) 
Lateritic 
gravels (%) 
Duplex 
soils (%) 
Shallow 
sand (%) 
Sandstone 
outcrop (%) 
Very deep 
phase (%) 
Rock substrate 
phase (%) 
Dune 
phase (%) 
Scree slope and breakaway 
phase (117Cl_1b) 
0 0 0 0 50 50 0 0 
Plateau surface phase 
(117Cl_1p) 
0 0 0 0 100 0 0 0 
Pallid clay phase (117Cl_2c) 0 0 0 0 0 100 0 0 
Gravel rise phase (117Cl_2g) 0 5 0 10 85 0 0 0 
Rock outcrop phase 
(117Cl_2r) 
0 5 0 10 0 0 25 60 
Alluvial channel phase 
(117Cl_3a) 
30 30 0 0 0 40 0 0 
Dune phase (117Cl_3d) 0 9 90 0 0 0 0 1 
Sandsheet phase (117Cl_3s) 25 60 0 15 0 0 0 0 
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7 Land capability for agriculture 
Land capability for agriculture is an assessment of the land’s ability to support 
agriculture using current best practice, without degrading the soil, land, air and water 
resources. Land capability assessment does not consider the socioeconomic feasibility 
of a particular land use. 
Failing to manage land within its capability risks degrading the land resources, on- and 
off-site. This may lead to a decline in the health of the ecosystem in which the 
agricultural activities are occurring, restricting future agricultural productivity and 
affecting the services that the ecosystem provides.  
Land capability assessment considers specific land characteristics and land qualities 
that are necessary to establish and support various land uses, and it quantifies the risk 
of degradation to the resource base if that land use were to be established. 
Quantifying land capability for different enterprises requires an understanding of local 
climate, landforms and soil factors, agricultural experimentation and field observation 
confirming local grower experience, all of which should be iteratively refined over time.  
7.1 Assessing crop requirements and land qualities 
The land capability assessment for the Shay Gap SA used land capability guidelines 
and methods developed for the south-west land division by van Gool et al. (2005), 
augmented by information in Smolinski et al. (2016). We modified the original method 
because the climate of the Shay Gap SA is significantly different. Smolinski et al.’s 
(2016) insights from the La Grange area were invaluable because the Shay Gap SA is 
close by and contains a similar suite of soils. 
Land capability in the Shay Gap SA was assessed for: 
• annual horticulture 
• perennial horticulture 
• fodder cropping. 
The ratings for annual and perennial horticulture were derived from van Gool et al. 
(2005) and modified as necessary to suit the climate of the Shay Gap SA. The ratings 
for irrigated fodder cropping were developed specifically for this project, and are 
presented in Appendix D. We developed this capability table with experts in the land 
capability field. These experts had recent experience with irrigation and agricultural 
experimentation of the crops specific to the Red deep sands and Red sandy earths 
found near the Shay Gap SA. 
Annual horticulture is the most intensive agricultural industry of the three we assessed. 
It requires higher inputs and the most intensive management practices, and thus it 
potentially has the highest impact on land and water resources. 
Our assumptions for annual horticulture were: 
• crops are grown for commercial production 
• crops are irrigated using trickle or sprinkler (including centre-pivot) systems 
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• fertilisers, herbicides and pesticides are applied 
• soil ameliorants, such as gypsum and lime, may be used 
• crops are mainly shallow-rooted, with most roots using water in the top 30cm of the 
soil 
• mechanised cultivation is required twice a year and less frequent deep-ripping will 
also be required. 
Perennial horticulture and fodder cropping share the first four development and 
management considerations with annual horticulture (above), along with the following: 
• plants are usually deep-rooted, typically extending to depths of more than 1m, which 
allows for a greater uptake of water and nutrients 
• standing biomass is usually higher 
• microclimate effect is usually more pronounced with higher biomass crops 
• mechanised cultivation occurs only during crop establishment and is less frequent, 
thereby shortening the period when the soil surface is bare, which decreases the 
time of highest erosion hazard 
• access by machinery for spraying, weed slashing, pruning and harvesting is less 
frequent 
• deep-ripping is likely to be an ongoing subsoil management technique for maintaining 
the productivity of stand-and-graze and cut-and-feed fodder crop/grazing systems, 
but not for perennial horticulture. 
Relevant land qualities for each of the proposed land uses are presented in Table 7.1, 
with notes about the relevance of particular qualities. These characteristics determine 
the agricultural capability and the potential crop productivity of the Shay Gap SA. 
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Table 7.1 The relevance of  individual land qualit ies for assessing land 
capabi l i ty at Shay Gay study area, for three broad land uses: annual 
hort iculture, perennial hort iculture, and ir r igated fodder crops and pastures 
Land quality & codea Annual horticulture 
Perennial 
horticulture Fodder crop 
Flood hazard (f) Minor land units only, not a significant impediment 
Land instability (c) Minor land units only, not a significant impediment 
Nutrient (phosphorus) 
export hazard (n) 
✔✔✔ ✔ ✔✔ 
pH 0–10cm (zf) Standard management will negate this hazard 
Rooting depth (r) ✔ ✔✔✔ ✔✔ 
Salinity hazard (y) Minor land units only, not a significant impediment 
Salt spray exposure (zi) n/a 
Site drainage potential (zh) ✔ ✔ ✔ 
Soil water storage (m) ✔✔ ✔ ✔ 
Soil workability (k) ✔✔ ✔✔ ✔✔ 
Subsurface acidification 
susceptibility (zd) 
✔ ✔✔✔ ✔✔ 
Subsurface compaction 
susceptibility (zc) 
✔ ✔✔ ✔✔ 
Surface salinity (ze) n/a 
Trafficability (zk) ✔✔ ✔ ✔✔ 
Water erosion hazard (e) ✔✔✔ ✔✔ ✔✔ 
Waterlogging risk (i) ✔ ✔ ✔ 
Water repellence (za) ✔✔ ✔ ✔ 
Wind erosion hazard (w) ✔✔✔ ✔ ✔✔ 
n/a = Not applicable to the Shay Gap study area, but it may be important for similar landforms 
closer to the coast.  
✔ represents a minor impediment manageable with standard agronomic practice. 
✔✔ represents a significant impediment requiring ongoing management intervention. 
✔✔✔ represents a major management or degradation issue.  
a  The land quality codes are used in Table 7.3. 
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7.2 Land capability mapping method 
DPIRD uses a five-class land capability system described by van Gool et al. (2005) 
(Table 7.2). Each class indicates a degree of limitation and the level of management 
required to support sustainable development. Class 1 land has a very high capability 
because the limitations are minor, thus development can be sustainable with a low level 
of intervention. At the other end of the scale, class 5 land has a very low capability 
because limitations are so severe that management or degradation would make the 
development prohibitive.  
The land capability assessment of the Shay Gap SA has two additional qualifiers, plus 
(+) and minus (−), which have been applied to several map units. The plus applied to a 
land capability class represents that the map unit is expected to have high productive 
capacity when compared to similarly rated map units without the plus, but retains the 
requirement for careful planning and conservation measures. The minus applied to a 
land capability class represents the requirement for very careful planning and a high 
adherence to conservation measures to minimise degradation. 
We deemed the additional qualifiers to be necessary because insufficient research on 
agronomy and land degradation has been conducted on these soils in this environment 
to definitively place map units in a higher or lower capability class. We relied on expert 
judgement and knowledge of performance of similar land in other environments to place 
these qualifiers. Our present allocation maintains the ‘typical’ capability class for each 
map unit according to the original intent of van Gool et al. (2005). It also alerts the user 
that further data is required and the precautionary principle should be applied when 
developing the land to reduce risks. 
Table 7.2 Land capabi l i ty c lasses for given land use types 
Capability class General description 
1: Very high Very few physical limitations present and easily overcome. The risk of land 
degradation is negligible.a 
2: High Minor physical limitations affecting productive land use or risk of 
degradation. Limitations are overcome by careful planning. 
3b: Fair Moderate physical limitations significantly affecting productive land use or 
risk of degradation. Careful planning and conservation measures are 
required.c  
4: Low High degree of physical limitation not easily overcome by standard 
development techniques or resulting in a high risk of degradation. Extensive 
conservation measures are required.c 
5: Very low Severe limitations. The intended use is usually prohibitive in terms of 
development costs or the associated risk of degradation. 
a  Very few developments cause no degradation and therefore capability class 1 is uncommon. 
b  Class 3 land is often the most common. It can be highly productive agricultural land that 
requires the adoption of certain land management practices to minimise the risk of 
degradation. 
c  Conservation or planning requirements are likely to involve ongoing management.  
Source: van Gool et al. (2005) 
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The capability class is determined by the most limiting land qualities (Table 7.1), which 
are listed for each map unit in Table 7.3.  
For example, the Nita 4 sandsheet phase (117Nt_4s) map unit has a rating of class 3 
(zd) for fodder cropping. The ‘3’ indicates a fair potential for irrigated agriculture and the 
most limiting land quality is subsurface acidification susceptibility (zd), which is 
managed relatively simply by monitoring, and applying lime if pH is declining.  
In contrast, the Callawa 1 scree slopes and breakaways phase (117Cl_1b) map unit 
has a capability class of 5 (e, k) for annual horticulture, which means the map unit has 
very low capability for annual horticulture and is equally limited by two land qualities: 
water erosion hazard, ‘e’, and soil workability, ‘k’ (Table 7.1). This classification is 
understandable, considering that this map unit consists of scree slopes of breakaways. 
The high slopes with bare ground present an extreme hazard for water erosion during 
intense rainfall, and the gradient and presence of stones results in very poor workability. 
A final example is the Callawa 2 gravel rise phase (117Cl_2g) map unit’s potential for 
perennial horticulture. This map unit has a rating of class 4 (low) capability because four 
land qualities limit its sustainable productive capacity: 
• rooting depth (r) 
• soil water storage (m) 
• workability (k) 
• subsurface acidification susceptibility (zd).  
These numerous limitations signify that a higher level of management intervention is 
required to avoid degradation and maintain productive capacity. This map unit would 
therefore not be preferred for development. 
Capability classes for soil-landscape map units are accurate for the Shay Gap SA at a 
scale of 1:50 000. They may need revising if more-detailed land assessments were 
completed (i.e. 1:10 000 to 1:25 000) and if mapping is extended to other areas.  
The land capability for each land use per map unit was very similar, so we applied an 
overall land capability rating to each map unit. The overall rating and the key limitations 
are summarised in Table 7.3. This information was derived from individual land 
capability rating tables for each land use, which are presented in full in Appendix D. The 
land capability ratings were applied to the map of soil-landscape units to create a land 
capability map (Figure 7.1). 
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Table 7.3 Land capabi l i ty rat ing of  each map unit  for three irr igated land uses 
Map unit 
Overall land 
capability class 
Limiting land qualities for each land use 
Annual horticulture Perennial horticulture Fodder cropping 
117Nt_3d 5 (very low) w w w 
117Nt_4a 4 (low) e e zd 
117Nt_4e  3+ b (fair) e zd zd 
117Nt_4s 3 (fair) e, w zd zd 
117Nt_5b 5 (very low) e, k e k 
117Nt_5c 5 (very low) k e, k k 
117Nt_5g 4 (low) k r, m, k, zd k 
117Nt_5r 5 (very low) k zk, k k 
117Nt_5s 3− a (fair) w, e e, w, zd e, zd 
117Cl_1b 5 (very low) e, k e k 
117Cl_1p 5 (very low) k, r k, zk k, r 
117Cl_2c 5 (very low) k e, k k 
117Cl_2g 4 (low) k k, m, r, zd k 
117Cl_2r 5 (very low) k r k, r 
117Cl_3a 4 (low) e e zd 
117Cl_3d 5 (very low) w w w 
117Cl_3s  3− a (fair) e, w e, zd e, zd 
a  Class ‘3−’ denotes that specific measures to mitigate water erosion (e) are required, but 
there is insufficient data to classify this map unit as class 4 for water erosion hazard in this 
climate. 
b  Class ‘3+’ denotes a fair land capability — similar to other class 3 land as described by van 
Gool et al. (2005) — and the + indicates that this map unit has a high productive potential 
when compared to map units rated as class 3 (without the +). 
Note: Table 7.1 contains the land qualities and codes used in this table. 
7.3 Results of land capability mapping 
The north-west quarter of the Shay Gap SA has the most potential for irrigated 
agriculture. 
The land capability assessment identified 1430ha — 1.5% of the Shay Gap SA — as 
having a fair capability with high productive capacity (class 3+) for irrigated agriculture. 
Another 56 000ha — 59% of the study area — has a fair capability (class 3), with a fair 
productive capacity, requiring precise fertigation to supply enough water and nutrients 
without causing leaching. The former area will also require good irrigation management, 
but has more clay at depth and so is more flexible in terms of irrigation scheduling. 
Of the 56 000ha of class 3 land, which comprises the Nita 4 sandsheet phase 
(117Nt_4s) map unit, about 11 000ha in the north-west section of the Shay Gap SA, 
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near the class 3 high productive capacity land, is likely to contain more Red deep sand, 
earthy phase than the same map unit in the central and eastern portion of the study 
area. This north-west section is most likely influenced by the Broome aquifer and 
Pindan vegetation, and thus has higher clay content at depth than the remaining 
45 000ha. 
 
Figure 7.1 Land capabi l i ty map for the Shay Gap study area  
We expect that land north of the Shay Gap SA will display features that are most similar 
to the Nita 4 earthy sandsheet phase (117Nt_4e), with Red deep sand, earthy phase 
and Red sandy earth, normal phase becoming prominent. This contrasts with the very 
deep sandy subsoils that are dominant in the study area. A limited number of 
observations north and north-east of the study area supported our expectations.  
Within the Shay Gap SA, water erosion, wind erosion, subsurface acidification and 
nutrient export are limiting land qualities that will need managing to minimise 
degradation. Ameliorating subsurface compaction will also be required if annual 
horticulture or fodder crops and grazing are chosen. 
The greatest challenge for development will be scheduling irrigation to supply enough 
water without causing leaching in the sandy soil with intrinsically low soil water storage. 
The consequences of deep drainage are nutrient loss and acidification, which affect 
sustainable production. Land qualities are discussed in more detail in Section 7.4, to 
explain the rationale behind the ratings and to provide general management advice that 
needs to be considered prior to development. 
An important consideration in developing land for irrigation is the cost of water. Aside 
from the administrative costs of licensing and purchase(where relevant), aquifer 
characteristics — such as depth to aquifer, depth to watertable in unconfined aquifers 
and piezometric head in confined aquifers — affect ease of water extraction. This in turn 
influences the cost of water extraction: cost declines as water becomes easier to extract. 
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Considering these factors was beyond the scope of this project, but will be important for 
those wishing to irrigate land. 
Finally, it is important to consider the extreme climate in this environment, especially 
temperature (Section 2.2.2), which will limit the choice of crops to those adapted to such 
extremes (G Moore [DPIRD] 2018, pers. comm., 13 June). Since the ocean moderates 
temperature extremes, future irrigation developments sited closer to the coast are likely 
to have greater flexibility for crop choice than those located further inland. Identifying 
suitable species for irrigation in the Shay Gap SA was beyond the scope of this project. 
7.4 Discussion: land qualities and their management 
The land qualities most likely to limit agricultural productivity are discussed below, and 
some management considerations are summarised. This is not a comprehensive 
synopsis aimed to document all methods of eliminating, ameliorating or otherwise 
addressing the issue at hand — existing reference guides such as Moore (1998), for 
soil and landform issues, and Ayers and Westcot (1994), for irrigation water issues, 
provide this detail. This discussion presents locally specific information for irrigation 
proponents to consider. 
The discussion addresses the key land qualities likely to contribute to on- and off-site 
environmental degradation, and identifies actions that proponents of irrigation should 
undertake to ensure environmentally sensitive development. 
Nutrient availability is discussed in section 7.4.10, even though it is not considered a 
land quality, because it is critical to the success of agricultural production. It is not 
considered a land quality because it is easily managed by fertiliser applications of 
macronutrients and micronutrients and is standard practice for agriculture. 
7.4.1 Wind erosion hazard 
Wind erosion is a significant hazard for agricultural development, making it important to 
consider the management of vegetation denudation and soil exposure. Large areas of 
the Shay Gap SA consists of low rises (map unit phases of 117Nt_5 and 117Cl_3) and 
sand dunes (117Nt_3d), which Smolinski et al. (2016) recommend avoiding because 
they have the highest risk of wind erosion. The soils at highest risk are those with low 
clay content and whose particle size distribution is dominated by fine to medium sand 
grains. 
Wind erosion hazard is slightly reduced in areas with undulating terrain and greater 
relative relief. This occurs closer to the coast where rock outcrops become a more 
prominent feature of the landscape, because the increased boundary layer reduces 
wind speed at the land surface. 
Minimising the impact of wind erosion and consequent sandblasting of emerging crops 
is problematic for centre-pivot irrigation systems. Some growers in the region have 
planted rows of sorghum to act as windbreaks and have irrigated more frequently to 
reduce saltation and subsequent sandblasting (Smolinski et al. 2016). 
Growers in the La Grange area have aligned planting rows in a north–south direction 
and maintain vegetation strips to reduce exposure to the prevailing easterly winds 
(Smolinski et al. 2016). This minimises the wind erosion risk. 
7  Land capability for agriculture  
61 
Wind erosion poses a lesser hazard to perennial horticulture and longer-rotation fodder 
crops and pastures because soil disturbance and denudation is less frequent. 
7.4.2 Water erosion hazard 
Water erosion is a hazard for agricultural development in the Shay Gap SA because 
intense rainfall is very erosive: intense rain commonly occurs during summer storms 
and cyclones (Section 2.2.3). Red deep sand has single-grained, loose topsoils and 
massive subsoils that readily slake once saturated. During intense rainfall, they are 
vulnerable to sheet, rill and gully erosion. DPIRD researchers have seen the erosive 
potential of intense rain in these landscapes and have witnessed erosion of bare soil 
(Section 5.2.2; G Moore [DPIRD] 2018, pers. comm., 13 June). Rill and gully erosion 
can occur even under native vegetation, and fence tracks that are sited across the 
contour can erode, even where slopes are less than 1% (Smolinski et al. 2016). 
The water erosion ratings for the land capability classification were modified from the 
tables for annual and perennial horticulture in the south-west land division (van Gool et 
al. 2005), to account for the higher erosion hazard caused by the intense rainfall of this 
area. 
Water erosion can be mitigated by implementing soil conservation measures on all land, 
and particularly on slopes greater than 1%. Such measures include grade banks, strip 
planting and cover cropping on farmland, and correctly engineered roadways, table 
drains and other infrastructure needed to support the irrigation development. 
7.4.3 Subsurface acidification susceptibility 
In agricultural situations, acidification occurs as a result of removal of agricultural 
products and leaching of nitrogen fertiliser. In irrigated situations, the chemistry of water 
being applied to soil must be considered when assessing likelihood of subsoil 
acidification. In the La Grange area, soils have not acidified in over 20 years of irrigation 
because of the alkalising effect of the irrigation water, despite the low buffering capacity 
of the soils. 
Insufficient data exists to comment on the impact of irrigation water on pH of soils near 
the Shay Gap SA, but the low pH buffering capacity and excessive drainage of Shay 
Gap soils renders them prone to pH changes and leaching of nitrogen fertiliser. 
A monitoring regime that regularly tests the subsoil pH from the outset of irrigation 
development will detect pH decline to avoid excessive subsoil acidification, or 
alkalisation, and maximise management flexibility. 
In the topsoil, pH imbalances can be managed through the application of fertilisers and 
lime. Subsoil acidification can be ameliorated with lime applications that are 
incorporated into the soil, a technique relatively easily achieved in annual horticulture 
and fodder cropping enterprises. In perennial horticulture, acidic subsoils can be 
addressed by deep incorporation of lime prior to planting. It is difficult to rectify acidic 
subsoils once the crop is established. Maintaining subsoil pH at suitable levels can be 
achieved by surface applications of lime only if surface pH is maintained at levels that 
allow translocation of lime into subsoil via leaching (Gazey & Davies 2009) 
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7.4.4 Subsurface compaction susceptibility 
Subsurface compaction of soil increases bulk density and reduces soil porosity and 
pore connectivity. Compaction reduces the ability of plant roots to explore soil for water 
and nutrients, and also decreases the rate of water and air flow through soil.  
Subsurface compaction generally increases after development for both dryland and 
irrigated agriculture. In the sandy soils of the region, long-irrigated soils have the 
highest compaction, soils that have only recently been cleared and irrigated have 
moderate compaction, and soils under native vegetation remain uncompacted.  
The sandy soils of the study area are expected to undergo a similar transition should 
they be developed for irrigation, and so will require regular monitoring of bulk density 
and deep-ripping to manage compaction as bulk density becomes excessive. 
7.4.5 Nutrient (phosphorus) export hazard 
The export of nutrients from agricultural lands to waterways is an important contributor 
to eutrophication (Davis & Koop 2006). Nutrient loss also reduces agricultural 
productivity and profitability. 
The loss of any nutrients is detrimental, but we focus on phosphorus export because it 
is easier to control because it is sourced entirely from soil or fertiliser inputs — unlike 
nitrogen, which can be assimilated from air by nitrogen-fixing microbes — and is 
commonly targeted as the ‘limiting nutrient’ for algal growth (van Gool et al. 2005).  
Van Gool et al.’s (2005) land capability assessment rates the hazard of phosphorus 
export using water erosion hazard, flood hazard, and landforms classified by water 
retention ability, combined with a previous Australian standard, the ‘phosphorus 
retention index’ (PRI) of the soil. In this report, we used the current Australian standard, 
phosphorus buffering index (PBI), and converted the values to PRI by applying Bolland 
and Windsor’s (2007) formula, then applied the standards of van Gool et al. (2005). For 
example, using Bolland and Windsor’s (2007) formula, a PBI of ≤20 equates to a PRI <2, 
which van Gool et al. (2005) regard as a low PRI. Likewise, a PBI of 28 equates to a 
PRI of 5, which is recommended as the cut-off when considering intensive land use 
developments. 
In assessing nutrient export hazard, we must consider the depth of the soil because 
cumulative PBI increases as the soil becomes deeper. Remoteness from water sources 
and wetlands also decreases the risk that exported nutrients will cause eutrophication. 
Overall, the soils of the Shay Gap SA have a low to moderate hazard of nutrient export 
via leaching through the soil profile because the soil currently retains phosphorus 
storage capacity. This capacity results from the extremely low phosphorus levels in the 
soil, despite the low PBI. Phosphorus storage is lower in the topsoil than in the subsoil, 
so if irrigated crops are fertilised with precision, the crops will be able to access 
sufficient phosphorus to optimise growth with minimal phosphorus loss occurring: the 
subsoil will retain the ability to capture phosphorus leached below the rooting zone. 
This management method will require precise fertilisation and regular monitoring of 
topsoil phosphorus status, to ensure sufficient phosphorus fertilisation, and regular 
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monitoring of subsoil PBI to ensure the subsoil retains the capacity to store any 
phosphorus leached. 
7.4.6 Soil water storage 
Soil water storage is the amount of water that can be stored in the soil. It is greater than 
the plant available water capacity for any particular crop, and is the broadest soil water 
metric suitable for assessing land capability at this general level. It is a major quality of 
soil that determines the yield that can be achieved under dryland agriculture, but it is 
less critical under irrigated agriculture. Nevertheless, it can be economically important 
when water supply is limited or pumping costs are high.  
The low soil water storage of soils in the study area dictate proficient irrigation 
scheduling is required to use water efficiently to prevent leaching or risk plant water 
stress. 
Regular remediation of subsoil compaction to reduce bulk density will maximise soil 
water storage and plant available water capacity to increase the flexibility of irrigation 
operations. 
7.4.7 Site drainage potential 
Red deep sands are rapidly drained, which allows the land to be worked year-round, 
apart from short periods after heavy rain. The uniform, deep, red soil profiles that 
extend to sandstone indicate good aeration. Deep drilling at the Shay Gap SA did not 
intersect perched groundwater. Localised perched groundwater is likely to be very 
restricted and only developed in intermittent drainage lines and broad drainage 
channels, particularly the alluvial channel phase map units (117Nt_4a and 117Cl_3a). 
Waterlogging and secondary salinity hazards on Red deep sands are minimal and can 
be avoided by siting horticulture outside of drainage lines and wetlands. Similarly, off-
site effects of site drainage, such as eutrophication and changes to the seasonal water 
balance in adjacent wetlands (including the coastal wetlands north of the study area), 
can be avoided by effectively managing irrigation and by maintaining buffers around 
water bodies. Northern Territory clearing guidelines mandate buffers of 25 to 200m 
around drainage lines and wetlands. The actual width chosen depends on the area of 
land cleared and the size or stream order of the drainage system (Department of 
Natural Resources, Environment, The Arts and Sport 2010). 
7.4.8 Soil workability 
Soil workability is a moderate to major limitation in parts of the Callawa System and the 
gravel rises and rock outcrops of the Nita System. Gravel and rock outcrops and the 
variability of the soils create physical limitations that would be difficult to manage and 
would reduce productivity, making Callawa System map units less suitable for irrigated 
agriculture than other soil units. 
Soil workability refers to the ease with which the soil can be cultivated and prepared for 
seeding or planting. Soil and land characteristics that affect land preparation and 
timeliness of cultivation include site drainage, soil texture, soil structure, rockiness and 
soil consistence/friability. 
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Soil compaction, topsoil crusting and hardsetting can develop after clearing sandy 
earths, loamy earths, lateritic gravels with loamy surface textures, duplex and clay soils. 
If these soils are cultivated, particularly when they are too moist, the likely result will be 
soil compaction, breakdown of soil aggregates and sealing of soil pores. These 
limitations usually develop during, or are exacerbated after, development, through loss 
of topsoil organic matter and exposure of subsoil horizons after erosion. 
High proportions of exchangeable calcium relative to magnesium and sodium are 
usually associated with well-structured soils. High levels of sodium and magnesium 
relative to calcium generally indicate poor structure and susceptibility to surface sealing 
and compaction (Hamza 2008). Soil analyses show that calcium–magnesium ratios are 
generally around three in Red deep sands under native vegetation. 
Smolinski et al. (2016) observed that Cockatoo Sands on existing horticultural blocks 
and newly cleared land were prone to surface sealing and soil compaction. They also 
noticed an increase in exchangeable sodium under irrigation on older horticultural 
blocks, which is unfavourable for structural stability. The effect of increased 
exchangeable sodium on the physical condition of Red deep sands and Red sandy 
earths is difficult to estimate, because factors such as low SOC, clay mineralogy and 
soil particle size influence soil friability. Nevertheless, deep-ripping and gypsum 
applications to control soil hardsetting and crusting at La Grange irrigation areas have 
been undertaken with varying success. 
7.4.9 Surface salinity 
Soil salinity is generally not associated with variants of Red deep sands or the Red 
sandy earth, normal phase. Saline soils only occur on tidal flats and depressions 
associated with palaeomarine deposits north of the Shay Gap SA. Soil salinity may 
develop where drainage has been restricted by natural embankments or less permeable 
substrates. 
Salts can accumulate in Red deep sand, earthy phase and Red sandy earth, normal 
phase next to wetlands near the coastal plain, and in drainage lines where perched 
watertables develop over clayey substrates or shallow sandstone. If large-scale 
irrigation is developed over these areas, soil salinity may increase. 
7.4.10 Nutrient availability 
Red deep sands in the Shay Gap SA have an extremely low nutrient status, attributed 
to low clay content, very low SOC and clay mineralogy dominated by kaolinite and iron 
oxides (Emery et al. 2003). These soil characteristics result in low CEC, so some 
applied nutrients can readily leach and are unable to be retained within the soil for later 
use. 
These characteristics also mean that the soil has a low pH buffering capacity, which can 
result in a rapid decline in soil pH due to nitrogen leaching and removal of agricultural 
products, which in turn decreases the availability of some nutrients and increases the 
availability of others to toxic levels. Maintaining pH in the mildly acidic–slightly alkaline 
range (about 6—7.5) will ensure that most nutrients present in soil will be available to 
plants, and will avoid toxicities induced by extreme pH. 
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Red deep sands will require significant fertiliser inputs of micronutrients and 
macronutrients to become agriculturally productive. Fertiliser management techniques 
— including fertigation and precision placement — and retaining plant residue to 
increase SOC, will be required to sustain production. Frequent plant tissue and soil 
testing will be required to provide information about nutrient deficiencies. 
Loss of nitrogen and sulfur via leaching through the Red deep sand of the Shay Gap SA 
is more problematic. The low SOC levels mean that nitrogen and sulfur will need to be 
applied as inorganic fertiliser. There is not enough SOC in soil under native vegetation 
and newly developed irrigation areas to mineralise and liberate these nutrients for plant 
growth (other than indigenous species). Any excessive irrigation or significant rainfall 
will result in applied nitrate and sulfate moving quickly beyond the root zone because of 
the rapid drainage of the sandy soil. Improve nitrogen supply by timing applications of 
nitrogen, as inorganic fertiliser, to match crop demand. Improve nitrogen supply over 
the long-term by planting nitrogen-fixing legumes as a component of the crop rotation 
and pasture sward. Increase the SOC levels contributing to nitrogen supply by retaining 
the roots and tops of cropped plants. Precisely metered fertigation, coupled with reliable 
soil moisture probes extending beyond the rooting zone of the crop being grown, is a 
reliable way of supplying sufficient nitrogen and sulfur to maximise crop growth without 
causing nutrient export. 
Potassium can also leach readily through the sandy soil, since it is only immobilised by 
cation exchange sites on clay surfaces and by storage within SOC and the lattice 
structure of clay: all three of which are in short supply in the Red deep sands of the 
Shay Gap SA. 
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8 Conclusion 
The north-west quarter of the Shay Gap SA has the most potential for irrigated 
agriculture, and areas to the north and north-west of the study area are also expected to 
have significant areas of contiguous soil suited to irrigation. 
Water erosion, wind erosion, subsurface acidification and nutrient export are the most 
important land qualities to be managed to maintain sustainable development of irrigated 
agriculture. Water erosion can be mitigated by implementing soil conservation 
measures on slopes greater than 1%, such as grade banks, strip planting and cover 
cropping. 
Ameliorating subsurface compaction should be adopted as a common management 
technique if annual horticulture or fodder crops and grazing are chosen. 
Soil water storage and scheduling irrigation to supply enough water without causing 
excessive deep leaching are likely to be significant challenges for development. 
Consequences of deep drainage are nutrient loss and acidification, which affect 
sustainable production. 
Cropped plants in new irrigation developments should be chosen on their ability to 
thrive in very hot summer conditions (or high summer temperatures). Choosing plants 
with low tolerance to the hot conditions is likely to reduce profits and increase land 
degradation risks.  
This investigation identified 1430ha (1.5%) of land in the Shay Gap SA as having a fair 
capability with high productive capacity for irrigated agriculture. This land capability 
rating (class 3 in a 5-class system) is specific for three types of irrigated agriculture: 
annual horticulture, perennial horticulture, and fodder and pasture crops. This area is 
delineated by the Nita 4 earthy sandsheet phase (117Nt_4e) map unit, which is a level 
to very gently undulating sandplain containing Red deep sand, earthy phase and Red 
sandy earth, normal phase. 
The Nita 4 sandsheet phase (117Nt_4s) map unit was assessed as having fair 
capability with a fair productive capacity for irrigation. This map unit is a level to very 
gently undulating sandplain containing Red deep sand, very deep phase with Red deep 
sand, rock substrate phase. About 11 000ha in the north-west portion of this map unit 
(in the north-west corner of Shay Gap SA) is the most suitable for irrigation. Another 
45 000ha may be suitable with careful planning and sufficient water. 
Other map units of the study area are less suited to irrigation development because of 
the high hazard of wind and water erosion. Areas with slopes less than 1% of the Nita 5 
sandsheet phase (117Nt_5s) and the Callawa 3 sandsheet phase (117Cl_3s) map units 
of rolling sandplain rises may be sustainably developed if the wind and water erosion 
hazards are mitigated by careful planning and implementing conservation farming 
practices. This could include planting windbreaks and maintaining groundcover at all 
times. 
All other map units were rated as class 4 (low) or 5 (very low) and are not 
recommended for irrigation development. 
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The productive capacity of most soils of the Shay Gap SA is expected to be limited by 
the low clay content at depth, resulting in rapid drainage and a low pH buffering 
capacity. Irrigation practices will need to be precise to avoid excessive deep leaching 
and loss of valuable fertilisers. Subsoil acidification can only be identified by regular 
monitoring. It is possible that the alkaline water chemistry of aquifers proposed for 
irrigation will render this hazard inactive. Applying lime and incorporating it into the soil 
will ameliorate subsurface acidification and is easily managed for annual horticulture 
and fodder cropping. Deep incorporation of lime is more difficult for perennial 
horticulture situations. Preventing nitrate leaching will help to avoid subsoil acidification 
and will also maximise profits. 
An important consideration in developing land for irrigation is the cost of water. Aquifer 
characteristics — such as depth to aquifer, depth to watertable in unconfined aquifers 
and piezometric head in confined aquifers — affect ease of water extraction. This in turn 
influences the cost of water extraction: cost declines as water becomes easier to extract. 
Considering these factors was beyond the scope of this project. 
The level of detail in this intermediate-scale investigation is suited to defining specific 
areas that are most suitable for irrigated agriculture in a general sense. More-detailed 
soil assessment and a topographical survey at a scale of 1:10 000 to 1:25 000 that 
considers intended crops, pastures and production systems should be undertaken prior 
to embarking on large, intensive irrigation projects. Detailed soil mapping will also aid in 
developing efficient irrigation schedules. 
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Appendix A: Digital soil mapping exercise of the Nita 
Sandplain Zone  
The broad sandplain units of the Nita Sandplain Zone and the Nita Land System have 
no distinguishing surface features to separate superficially similar soils — Red sandy 
earths from variations of Red deep sands —, although knowing these divisions is 
important for establishing irrigation potential. 
To overcome this limitation and to identify the extent of soils most suitable for irrigation 
across the Frazier Downs irrigation development envelope, the broader La Grange area 
and the Shay Gap SA, we conducted a point-based, statistically driven DSM exercise 
using a Random Forest model. 
The aims were: 
• to identify likely divisions of red sand type according to subsurface texture 
• to use these divisions to assist preparation of soil-landscape and land capability 
maps of the Shay Gap SA 
• to identify where a natural hiatus may exist between eastern and western Nita 
sandplain 
• to provide the DSM product as a preliminary map with finer resolution than the broad 
La Grange soil map, for further investigation of the Frazier Downs irrigation 
development envelope. 
The rationale was that it is impossible to describe soil at every point on the ground. 
Instead, by comparing the signals of remotely sensed data with field observations at 
given points, the similarity of remotely sensed data signals can be used to infer soil type. 
These correlations can then be extrapolated to areas without soil observations. 
We queried DPIRD’s WA soil profile database to extract 3741 soil profile descriptions 
across the north-west, which were collated and classified according to WA soil groups 
(Schoknecht & Pathan 2012). We subdivided observations of the dominant Red deep 
sand into three classes according to differences in subsoil clay content (inferred from 
texture), which relate to the soil’s ability to store moisture that is accessible to plants. 
The categories were: 
• GSV (Good sand, very deep): clay content is loam to clay by a depth of 150cm 
• FSV (Fair sand, very deep): clay content is sandy loam by a depth of 150cm, or a 
fine sand for most of the profile 
• PSV (Poor sand, very deep): clay content is sand to a depth of 150cm. 
A suite of remotely sensed environmental covariates relevant to soil formation and 
distribution was gridded on a uniform 90m pixel size, which was the most detailed 
possible because it included data from platforms that do not provide finer resolution. 
Figure A1 graphs the relative importance of environmental covariates used in the 
modelling process. Further details about the environmental covariates are provided in 
Table A1. 
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Each soil observation was located on the gridded environmental covariate data in a GIS 
to link the suite of covariates to each site, and hence to each soil type. 
All pixels not containing a soil observation were assigned a soil type value using the 
Random Forest model in the ‘R’ statistical package (https://www.r-project.org/). This 
package determines the most likely soil type for the pixel by analysing the surrogate 
environmental variables and finding the closest soil type match in pixels with soil 
observations. The mapping technique works best over larger, contiguous areas to 
maximise the point observations available to classify the gridded environmental data. 
The DSM exercise was conducted over the Nita Sandplain Zone, from east of Port 
Hedland to Broome and inland, including the Shay Gap and La Grange areas. The map 
resulting from this modelling process is shown in Figure A2. 
The results of the DSM exercise were used as a data layer to prepare maps and helped 
to distinguish several of the mapping units. Importantly, the DSM facilitated subdivision 
of the dominant Red deep sand within the Shay Gap SA, which was applied at a 
simplified level to convert the raster (grid-based) results of the DSM to the traditional 
polygon soil-landscape mapping. However, insufficient resolution in the gridded 
environmental covariate data precluded delineation of small geomorphic units, such as 
small rock outcrops. 
 
Note: Purpose, source and detail of covariate names are explained in Table A1. 
Figure A1 Relat ive importance of  environmental covar iates used in the Random 
Forest model for this DSM exercise 
 
  
Table A1 Environmental covariates used in the Random Forest model for this DSM, ordered by importance 
Broad purpose Covariate name (see Figure A1) Covariate detail Source 
Parent material TH_m Radiometric map of Australia – thorium  Geoscience Australia 
Parent material K_m Radiometric map of Australia – potassium  Geoscience Australia 
Parent material PM_Silica Regolith silica index CSIRO 
Climate Clim_tdayann Average thunder days – annual BoM 
Parent material PM_Weathering_Index Weathering index BoM 
Climate Clim_rainsum Average rainfall – summer BoM 
Soil Soil_Kaolinite Kaolinite clay in Australian soils, 0–20cm CSIRO 
Climate prescott Prescott index – leaching intensity McKenzie & Ryan (1999) 
Topography Relief_dems_3s_mosaic1 3 Second DEM – Shuttle Radar Topography Mission CSIRO 
Soil Soil_Smectite Smectite clay in Australian soils, 0–20cm CSIRO 
Climate Clim_varan Rainfall variability – annual BoM 
Climate Clim_rainann Average rainfall – annual  BoM 
Climate Clim_sum_wint_ratio Average rainfall – summer:winter ratio Derived from BoM 
Biota Veg_FPAR_Mean Fraction of photosynthetically active radiation  CSIRO Land and Water 
Climate Clim_minwin Average daily minimum temperature – winter BoM 
Topography Relief_slopepct_focalmediam300m3s Slope – percentage focal median 300m CSIRO 
Topography Relief_roughness Landscape roughness Interpreted during DSM exercise 
Biota Veg_FractCover_Mean_PV Fractional cover, bare soil – mean – MODIS CSIRO Land and Water 
Climate Clim_meanann Average daily mean temperature – annual BoM 
(continued) 
  
Table A1 cont inued 
Broad purpose Covariate name (see Figure A1) Covariate detail Source 
Biota Veg_FractCover_Mean_BS Fractional cover, photosynthetic vegetation – mean – MODIS CSIRO Land and Water 
Parent material U_m Radiometric map of Australia – uranium  Geoscience Australia 
Topography Relief_slope_perc Slope – percentage CSIRO 
Topography Relief_twi_3s Topographic wetness index CSIRO 
Parent material PM_Gravity Total magnetic intensity anomaly grid of Australia Geoscience Australia 
Topography Relief_mrvbf_3s_mosaic Multi-resolution valley bottom flatness CSIRO 
Biota Veg_Persistent_green_Veg Persistent green-vegetation fraction – Landsat 2000–2010 Joint remote sensing research program 
Soil Soil_Illite Illite clay in Australian soils, 0–20cm CSIRO 
Topography Relief_elev_focalrange1000m_3s 1000m elevation range CSIRO 
Parent material PM_Magnetics Australian national gravity database – onshore gravity grid Geoscience Australia 
Topography Relief_profile_curvature_3 Profile curvature CSIRO 
Topography Relief_mrrtf_3s_mosaic Multi-resolution ridge top flatness CSIRO 
Topography Relief_plan_curvature_3s Plan curvature CSIRO 
Topography Relief_apsect Apsect CSIRO 
DEM = digital elevation model; MODIS = moderate resolution imaging spectroradiometer — instrumentation aboard the ‘Terra’ and ‘Aqua’ satellites 
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GSV = good sand, very deep; FSV = fair sand, very deep; PSV = poor sand, very deep 
Figure A2 Results of  the digital soi l mapping exercise to dist inguish var iat ion in 
subsoi l texture across the Nita Sandplain Zone 
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Appendix B: Selected soil profile data, chemical and physical 
analysis 
Site ID: 0116 
Location: MGA94 Zone 51, 204517mE, 7768077mN 
Local soil name: Red deep sand, very deep phase 
WA soil group: Red deep sand; Qualifier: PSV 
ASC: Basic, Arenic, Red-Orthic Tenosol 
Surface condition: Loose 
Native vegetation: Acacia eriopoda shrubland with A. monticola and unspecified additional 
Acacia spp. over Triodia spp. understorey and sparse emergent 
Erythrophleum chlorostachys 
Soil profile description 
Horizon Depth (cm) Description 
A1 0–20 Dark reddish-brown (2.5YR 3/3 moist) loamy medium sand; no coarse fragments 
A2 20–120 Dark red (10R 3/6 moist) loamy medium sand; no coarse fragments 
B1 120–250 Dark red (10R 3/6 moist) loamy medium sand; no coarse fragments 
B2 250–500+ Dark red (10R 3/6 moist) clayey medium sand; no coarse fragments 
Soil physical and chemical analysis 
Sample depth 
(cm) 
Particle size (%) pH level EC 
(mS/m) 
SOC 
(%) ESP 
Ca:Mg 
ratio CEC PBI CS FS Silt Clay H2O CaCl2 
0–20 – – – – 6.2 5.1 <1 0.25 2 5.00 0.76 6.4 
20–70 75 15 2.0 8.7 6.5 6.0 <1 0.14 1 2.65 0.81 9.5 
70–120 65 25 <0.1 10.9 6.6 5.7 <1 0.13 1 3.25 0.68 12.9 
120–250 65 24 <0.1 10.7 6.7 5.8 <1 0.13 1 3.15 0.76 13.4 
 
Sample depth 
(cm) 
Exchangeable cations 
(cmol(+)/kg) Macronutrients and micronutrients (mg/kg) 
Ca Mg K Na Al N P K S B Cu Fe Mn Zn 
0–20 0.50 0.10 0.03 0.01 0.120 1 <2 19 2.1 0.13 0.29 4.26 4.98 0.33 
20–70 0.45 0.17 0.04 0.01 0.139 1 <2 19 1.6 0.11 0.11 3.53 2.54 0.21 
70–120 0.39 0.12 0.05 <0.01 0.124 <1 <2 22 8.3 0.17 <0.01 3.28 0.95 0.04 
120–250 0.41 0.13 0.06 <0.01 0.163 <1 <2 23 9.9 0.18 <0.01 3.25 0.58 0.06 
 
  
Appendix B 
75 
Site ID: 0137 
Location: MGA94 Zone 51, 200538mE, 7768314mN 
Local soil name: Red deep sand, rock substrate phase 
WA soil group: Red deep sand; Qualifier: PSV 
ASC: Basic, Arenic, Red-Orthic Tenosol 
Surface condition: Loose with typical surface sand wash about 3–5mm deep 
Native vegetation: Corymbia zygophylla open low woodland with Acacia tumida and 
occasional A. monticola mid-stratum, soft spinifex understorey 
Soil profile description 
Horizon Depth (cm) Description 
A1 0–10 Dusky red (10R 3/3 moist) medium sand; moist soil; no coarse fragments 
A21 10–30 Dusky red (10R 3/4 moist) loamy sand; moist soil; no coarse fragments 
A22 30–90 Red (10R 4/6 moist) loamy sand; dry soil; no coarse fragments 
B1 90–450 Red (10R 4/6 moist) clayey sand; dry soil; no coarse fragments; becomes grittier 
below 200cm 
BC 450–700+ Dark red (10R 3/6 moist) gritty clayey coarse sand; no coarse fragments; gritty 
weathering sandstone, very little clay 
Soil physical and chemical analysis 
Sample depth 
(cm) 
Particle size (%) pH level EC 
(mS/m) 
SOC 
(%) ESP 
Ca:Mg 
ratio CEC PBI CS FS Silt Clay H2O CaCl2 
0–10 – – – – 5.9 4.9 1.2 0.24 2 4.43 0.57 3.4 
10–30 69 23 <0.1 7.9 6.5 5.3 <1.0 0.16 2 4.10 0.76 6.6 
30–90 77 13 1.0 8.8 6.8 6.0 <1.0 0.07 1 1.64 0.91 9.1 
90–150 60 29 <0.1 11.6 6.4 5.8 <1.0 <0.05 1 1.70 0.76 14.1 
 
Sample depth 
(cm) 
Exchangeable cations 
(cmol(+)/kg) Macronutrients and micronutrients (mg/kg) 
Ca Mg K Na Al N P K S B Cu Fe Mn Zn 
0–10 0.31 0.07 0.04 0.01 0.141 4 <2 23 3.1 0.11 0.17 5.71 10.91 0.46 
10–30 0.41 0.10 0.03 0.01 0.209 2 <2 16 2.1 <0.10 0.06 5.28 3.79 0.11 
30–90 0.41 0.25 0.05 0.01 0.187 1 <2 28 1.2 0.13 0.02 4.10 1.97 0.15 
90–150 0.34 0.2 0.07 <0.01 0.146 <1 <2 29 8.7 0.16 0.10 3.40 0.55 0.31 
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Site ID: 0149 
Location: MGA94 Zone 51, 196853mE, 7767190mN 
Local soil name: Red deep sand, very deep phase 
WA soil group: Red deep sand; Qualifier: FSV 
ASC: Basic, Arenic, Red-Orthic Tenosol 
Surface condition: Loose 
Native vegetation: Dominant spinifex grassland with common Erythrophleum chlorostachys 
overstorey, otherwise sparse vegetation. Few large Corymbia zygophylla, 
mixed stands of Acacia tumida and A. ancistrocarpa 
Soil profile description 
Horizon Depth (cm) Description 
A1 0–10 Dusky red (10R 3/4 moist) loamy sand; no coarse fragments 
A21 10–40 Dark red (10R 3/6 moist) loamy sand; no coarse fragments; pH 6.5 
A22 40–90 Dark red (10R 3/6 moist) loamy sand; no coarse fragments; pH 6.5 
A23 90–250 Dark red (10R 3/6 moist) loamy sand; no coarse fragments 
B1 250–400 Dark red (10R 3/6 moist) clayey sand; no coarse fragments 
B2 400–700+ Dark red (10R 3/6 moist) sandy loam; no coarse fragments 
Soil physical and chemical analysis 
Sample depth 
(cm) 
Particle size (%) pH level EC 
(mS/m) 
SOC 
(%) ESP 
Ca:Mg 
ratio CEC PBI CS FS Silt Clay H2O CaCl2 
0–10  – – –  –  5.7 4.7 <1 0.32 2 3.75 0.66 3.2 
10–40 78 15 2.0 5.8 5.8 4.7 <1 0.14 3 3.38 0.57 7.6 
40–90 71 20 <0.1 8.8 6.3 5.5 <1 0.06 1 2.23 0.61 10.1 
90–250 68 21 1.0 9.9 6.2 5.4 <1 0.06 1 2.18 0.82 16.9 
 
Sample depth 
(cm) 
Exchangeable cations 
(cmol(+)/kg) Macronutrients and micronutrients (mg/kg) 
Ca Mg K Na Al N P K S B Cu Fe Mn Zn 
0–10 0.3 0.08 0.03 0.01 0.244 4 <2 22 1.5 0.14 0.17 6.99 3.22 0.3 
10–40 0.27 0.08 0.03 0.01 0.176 2 <2 20 1.2 0.1 0.23 5.81 2.65 0.1 
40–90 0.29 0.13 0.03 <0.01 0.162 <1 <2 18 7.3 <0.1 0.17 3.87 1.91 0.17 
90–250 0.37 0.17 0.06 <0.01 0.215 <1 <2 29 7.8 0.13 0.08 4.01 1.04 0.05 
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Site ID: 0178 
Location: MGA94 Zone 51, 196892mE, 7766544mN  
Local soil name: Red deep sand, very deep phase 
WA soil group: Red deep sand; Qualifier: PSV 
ASC: Basic, Arenic, Red-Orthic Tenosol 
Surface condition: Loose 
Native vegetation: Corymbia zygophylla low woodland with tall Acacia tumida mid-stratum. 
Erythrophleum chlorostachys is common 
Soil profile description 
Horizon Depth (cm) Description 
A11 0–10 Dark reddish-brown (2.5YR 3/3 moist) medium sand; dry soil; no coarse fragments 
A12 10–45 Dark reddish-brown (2.5YR 3/3 moist) loamy sand; moist soil; no coarse fragments 
A21 45–60 Dark red (2.5YR 3/6 moist) loamy sand; moderately moist soil; no coarse fragments 
A22 60–150 Red (10R 4/6 moist) loamy sand; no coarse fragments 
B11 150–300 Red (10R 4/6 moist) clayey sand; no coarse fragments 
B12 300–600 Dark red (10R 3/6 moist) clayey sand; no coarse fragments 
B2 600–800+ Dark red (10R 3/6 moist) silty sandy loam; no coarse fragments 
Soil physical and chemical analysis 
Sample depth 
(cm) 
Particle size (%) pH level EC 
(mS/m) 
SOC 
(%) ESP 
Ca:Mg 
ratio CEC PBI CS FS Silt Clay H2O CaCl2 
0–10  – – – –  6.1 5.0 1.2 0.54 2 4.65 1.42 5.4 
10–45 80 13 1.0 6.8 6.3 5.0 <1.0 0.35 2 3.82 1.24 14.2 
45–60 75 18 <0.1 6.8 6.3 5.2 <1.0 0.14 2 2.23 0.63 5.7 
60–100 88 5 <0.1 7.8 6.4 5.5 <1.0 0.11 1 2.36 0.55 4.8 
100–150 54 32 1.0 12.7 6.3 5.6 <1.0 0.10 1 2.40 0.89 13.4 
 
Sample depth 
(cm) 
Exchangeable cations (cmol(+)/kg) Macronutrients and micronutrients (mg/kg) 
Ca Mg K Na Al N P K S B Cu Fe Mn Zn 
0–10 0.93 0.2 0.04 0.02 0.228 4 <2 26 2.0 0.14 0.36 8.65 7.75 0.61 
10–45 0.65 0.17 0.04 0.02 0.361 1 <2 22 1.2 <0.1 0.19 8.16 5.16 0.13 
45–60 0.29 0.13 0.05 0.01 0.150 1 <2 27 0.7 <0.1 0.23 4.70 3.36 0.21 
60–100 0.26 0.11 0.06 <0.01 0.119 <1 <2 39 1.4 <0.1 0.12 4.13 2.05 0.20 
100–150 0.48 0.2 0.05 0.01 0.148 <1 <2 27 3.0 <0.1 0.09 3.44 0.82 0.05 
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Site ID: 0183 
Location: MGA94 Zone 51, 197794mE 7758876mN 
Local soil name: Red deep sand, very deep phase 
WA soil group: Red deep sand; Qualifier: FSV 
ASC: Basic, Arenic, Red-Orthic Tenosol 
Surface condition: Loose 
Native vegetation: Sparse and stunted Corymbia zygophylla and Acacia tumida in spinifex 
grassland with A. translucens shrubs 
Soil profile description 
Horizon Depth (cm) Description 
A11 0–10 Dark reddish-brown (2.5YR 3/4 moist) medium sand; apedal, massive structure; earthy 
fabric; no coarse fragments 
A12 10–30 Dark reddish-brown (2.5YR 2.5/4 moist) medium sand; earthy fabric; no coarse fragments 
A21 30–80 Red (10R 4/6 moist) loamy sand; no coarse fragments 
A22 80–150 Red (10R 4/6 moist) loamy sand; no coarse fragments 
B1 150–300 Dark red (10R 3/6 moist) clayey sand; no coarse fragments 
B21 300–450 Dark red (10R 3/6 moist) sandy loam; no coarse fragments 
B22 450–460+ Dark red (10R 3/6 moist) sandy loam; no coarse fragments 
Soil physical and chemical analysis 
Sample depth 
(cm) 
Particle size (%) pH level EC 
(mS/m) 
SOC 
(%) ESP 
Ca:Mg 
ratio CEC PBI  CS FS Silt Clay H2O CaCl2 
0–10  –  – –  – 6.0 5.1 1 0.26 3 3.00 0.80 5.5 
10–30  –  –  –  – 6.3 5.4 <1 0.21 1 3.50 0.80 7.1 
30–80  –  –  –  – 6.4 5.4 <1 0.08 1 2.70 0.94 13.5 
80–120  –  –  –  – 6.3 5.6 <1 0.09 1 2.14 0.89 12.8 
120–150  –  –  –  – 6.5 5.9 <1 0.09 1 2.16 0.83 12.5 
 
Sample depth 
(cm) 
Exchangeable cations 
(cmol(+)/kg) Macronutrients and micronutrients (mg/kg) 
Ca Mg K Na Al N P K S B Cu Fe Mn Zn 
0–10 0.42 0.14 0.05 0.02 0.165 5 2 35 2.9 0.10 0.13 6.70 8.10 0.59 
10–30 0.42 0.12 0.05 <0.01 0.211 4 <2 31 1.4 0.10 0.19 5.27 7.20 0.14 
30–80 0.54 0.20 0.07 <0.01 0.131 1 <2 31 1.6 <0.10 0.09 4.12 3.60 0.14 
80–120 0.47 0.22 0.05 <0.01 0.152 2 <2 27 2.8 0.13 0.12 3.89 1.01 0.10 
120–150 0.41 0.19 0.05 <0.01 0.181 1 <2 32 3.2 0.11 0.11 3.90 0.75 0.20 
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Site ID: 0189 
Location: MGA94 Zone 51, 196605mE 7770082mN 
Local soil name: Red deep sand, very deep phase 
WA soil group: Red deep sand; Qualifier: PSV 
ASC: Haplic, Dystrophic, Red Kandosol 
Surface condition: Loose 
Native vegetation: Tall Acacia tumida shrubland, A. translucens, soft spinifex, occasional 
Corymbia zygophylla, Erythrophleum chlorostachys 
Soil profile description 
Horizon Depth (cm) Description 
A1 0–20 Dark red (10R 3/6 moist) loamy sand; moderately moist soil; apedal, massive structure; 
earthy fabric; very few argillaceous nodules; no coarse fragments 
A21 20–50 Dark red (10R 3/6 moist) clayey sand; moist soil; apedal, massive structure; earthy 
fabric; no segregations; no coarse fragments 
A22 50–80 Dark red (10R 3/6 moist) clayey sand; moderately moist soil; no segregations; no coarse 
fragments 
A23 80–110 Red (10R 4/6 moist) clayey sand; moderately moist soil; no coarse fragments 
A3 110–250 Dark red (10R 3/6 moist) clayey sand; moderately moist soil; no coarse fragments 
B1 250–400 Dark red (10R 3/6 moist) sandy loam; no coarse fragments 
B2 400–410+ Dark red (10R 3/6 moist) sandy clay loam; no coarse fragments 
Soil physical and chemical analysis 
Sample depth 
(cm) 
Particle size (%) pH level EC 
(mS/m) 
SOC 
(%) ESP 
Ca:Mg 
ratio CEC PBI CS FS Silt Clay H2O CaCl2 
0–20 76 16 <0.1 8.8 5.9 4.9 1.0 0.21 4 2.58 0.78 8.8 
20–50 82 9 <0.1 8.9 6.3 5.4 <1.0 0.23 1 2.50 0.73 7.8 
50–80  – – – – 6.0 5.2 1.1 0.10 2 1.70 0.78 11.4 
80–110 72 16 1.0 10.7 6.3 5.5 <1.0 0.09 1 1.70 0.81 12.4 
110–250 64 25 1.0 10.6 6.4 5.6 <1.0 0.07 1 1.90 0.76 11.4 
 
Sample depth 
(cm) 
Exchangeable cations 
(cmol(+)/kg) Macronutrients and micronutrients (mg/kg) 
Ca Mg K Na Al N P K S B Cu Fe Mn Zn 
0–20 0.31 0.12 0.07 0.02 0.256 4 <2 38 2.1 0.2 0.15 7.83 6.74 0.28 
20–50 0.35 0.14 0.05 <0.01 0.194 2 <2 27 3.9 0.16 0.42 5.63 7.10 0.09 
50–80 0.34 0.20 0.06 0.01 0.172 3 <2 28 9.3 0.13 0.11 4.44 4.45 0.13 
80–110 0.39 0.23 0.05 <0.01 0.138 1 <2 25 9.7 0.20 0.07 4.16 2.24 0.05 
110–250 0.38 0.20 0.06 <0.01 0.119 1 <2 28 6.3 0.20 0.11 3.73 0.88 0.08 
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Site ID: 0232 
Location: MGA94 Zone 51, 251515mE 7774344mN 
Local soil name: Red deep sand, dune phase 
WA soil group: Red deep sand; Qualifier: PSV 
ASC: Basic, Arenic, Red-Orthic Tenosol 
Surface condition: Loose 
Native vegetation: Acacia inaequilatera, A. tumida, Erythrophleum chlorostachys, Gardenia 
pyriformis 
Soil profile description 
Horizon Depth (cm) Description 
A11 0–20 Dark reddish-brown (2.5YR 3/4 moist) sand with 1–3% clay; no coarse fragments 
A12 20–150 Dark red (10R 3/6 moist) sand with 1–3% clay; no coarse fragments 
A21 150–200 Dark red (10R 3/6 moist) loamy sand; no coarse fragments 
A22 200–400 Dark red (10R 3/6 moist) loamy fine sand; no coarse fragments 
A23 400–550+ Dark red (10R 3/6 moist) loamy fine sand; no coarse fragments 
Soil physical and chemical analysis 
Sample depth 
(cm) 
Particle size (%) pH level EC 
(mS/m) 
SOC 
(%) ESP 
Ca:Mg 
ratio CEC PBI CS FS Silt Clay H2O CaCl2 
0–20 – – – – 6.5 5.8 1.4 0.2 3 2.93 0.80 5.7 
20–60 – – – – 6.2 5.4 1.0 0.22 2 1.71 0.56 5.6 
60–110 – – – – 6.4 5.3 <1.0 0.09 5 1.83 0.56 12.9 
110–140 – – – – 6.2 5.3 <1.0 0.11 1 2.18 0.56 10.9 
 
Sample depth 
(cm) 
Exchangeable cations (cmol(+)/kg) Macronutrients and micronutrients (mg/kg) 
Ca Mg K Na Al N P K S B Cu Fe Mn Zn 
0–20 0.44 0.15 0.06 0.02 0.132 5 <2 36 1.3 0.11 0.13 5.60 3.97 0.41 
20–60 0.24 0.14 0.04 0.01 0.131 2 <2 19 3.0 <0.1 0.62 4.19 2.68 0.57 
60–110 0.22 0.12 0.04 0.02 0.162 3 <2 21 6.4 <0.1 0.45 3.53 1.69 0.32 
110–140 0.24 0.11 0.03 <0.01 0.176 <1 <2 15 7.0 <0.1 0.09 3.69 0.65 0.11 
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Site ID: 0246 
Location: MGA94 Zone 51, 252144mE, 7761980mN 
Local soil name: Red deep sand, rock substrate phase 
WA soil group: Red deep sand; Qualifier: PSV 
ASC: Basic, Arenic, Red-Orthic Tenosol 
Surface condition: Loose 
Native vegetation: Acacia tumida open shrubland, Erythrophleum chlorostachys, 
Dolichandrone heterophylla 
Soil profile description 
Horizon Depth (cm) Description 
A1 0–10 Dark reddish-brown (2.5YR 3/4 moist) gritty fine sand with 1–3% clay; no coarse 
fragments; generally fine sand but with noticeable gritty component 
A21 10–150 Dark red (10R 3/6 moist) gritty fine sand with 3–5% clay; no coarse fragments; moist 
between 10cm and 100cm 
A22 150–250 Dark red (10R 3/6 moist) fine sand with 3–5% clay; no coarse fragments 
B1 250–400 Dark red (10R 3/6 moist) clayey sand; no coarse fragments 
B21 400–500 Dark red (10R 3/6 moist) gritty sand with 1–3% clay; no coarse fragments; feels like 
weathering sandstone 
B22 500–720+ Dark red (10R 3/6 moist) clayey sand; no coarse fragments 
Soil physical and chemical analysis 
Sample depth 
(cm) 
Particle size (%) pH level EC 
(mS/m) 
SOC 
(%) ESP 
Ca:Mg 
ratio CEC PBI CS FS Silt Clay H2O CaCl2 
0–10  – – – – 6.4 5.4 <1 0.22 2 3.56 0.59 2.6 
10–50 65 26 <0.1 8.8 6.3 5.1 <1 0.09 1 3.87 0.57 9.0 
50–100 76 15 <0.1 8.8 5.9 4.9 <1 0.13 2 2.00 0.52 12.6 
100–150 68 23 1.0 7.9 5.8 5.0 <1 0.10 1 2.44 0.47 13.1 
 
Sample 
depth (cm) 
Exchangeable cations (cmol(+)/kg) Macronutrients and micronutrients (mg/kg) 
Ca Mg K Na Al N P K S B Cu Fe Mn Zn 
0–10 0.32 0.09 0.03 0.01 0.139 3 <2 16 1.1 0.1 0.08 4.64 4.03 0.72 
10–50 0.31 0.08 0.03 <0.01 0.151 <1 <2 16 1.9 0.12 0.37 4.16 2.72 0.23 
50–100 0.20 0.10 0.02 <0.01 0.199 <1 <2 <15 3.0 <0.1 0.71 3.83 2.91 0.34 
100–150 0.22 0.09 0.02 <0.01 0.135 1 <2 18 5.9 0.11 0.14 3.38 0.62 0.38 
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Site ID: 0247 
Location: MGA94 Zone 51, 252762mE, 7762377mN  
Local soil name: Red deep sand, rock substrate phase 
WA soil group: Red deep sand; Qualifier: FSV 
ASC: Basic, Petroferric, Sesqui-nodular Tenosol 
Surface condition: Loose 
Native vegetation: Acacia tumida, A. translucens, Erythrophleum chlorostachys 
Soil profile description 
Horizon Depth (cm) Description 
A1 0–20 Dark red (2.5YR 3/6 moist) sand with 1–3% clay; no coarse fragments 
A21 20–120 Dark red (10R 3/6 moist) sand with 1–3% clay; no coarse fragments 
A22 120–160 Dark red (10R 3/6 moist) sand with 3–5% clay; no coarse fragments 
B1 160–340 Dark red (10R 3/6 moist) clayey sand; no coarse fragments 
B2 340–550+ Dark red (10R 3/6 moist) sandy loam; ferricrete pan; 30% subrounded ferruginous 
medium gravel sized; lateritic ironstone gravels increasing in abundance with depth 
Soil physical and chemical analysis 
Sample depth 
(cm) 
Particle size (%) pH level EC 
(mS/m) 
SOC 
(%) ESP 
Ca:Mg 
ratio CEC PBI CS FS Silt Clay H2O CaCl2 
0–20  – – – – 6.0 5.0 1.4 0.22 1 3.36 0.79 5.9 
20–60 75 16 <0.1 8.9 6.2 5.5 <1 0.16 1 2.62 0.65 11.6 
60–120 61 27 <0.1 11.7 6.3 5.7 <1 0.18 1 2.21 0.69 12.9 
120–160 57 33 <0.1 10.9 6.4 5.9 <1 0.09 1 2.00 0.66 9.5 
 
Sample depth 
(cm) 
Exchangeable cations (cmol(+)/kg) Macronutrients and micronutrients (mg/kg) 
Ca Mg K Na Al N P K S B Cu Fe Mn Zn 
0–20 0.47 0.14 0.05 0.01 0.122 6 <2 26 1.5 0.12 0.19 5.46 7.04 0.21 
20–60 0.34 0.13 0.04 <0.01 0.137 4 <2 25 1.1 0.15 0.77 3.91 3.76 0.37 
60–120 0.31 0.14 0.04 <0.01 0.199 2 <2 22 4.0 0.12 0.51 3.54 1.15 0.22 
120–160 0.30 0.15 0.04 <0.01 0.173 2 <2 21 7.5 0.12 0.06 3.95 0.93 0.07 
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Site ID: 0248 
Location: MGA94 Zone 51, 252992mE, 7762485mN 
Local soil name: Red deep sand, very deep phase 
WA soil group: Red deep sand; Qualifier: PSV 
ASC: Basic, Arenic, Red-Orthic Tenosol 
Surface condition: Loose 
Native vegetation: Acacia inaequilatera, A. tumida, A. eriopoda, Erythrophleum 
chlorostachys 
Soil profile description 
Horizon Depth (cm) Description 
A1 0–10 Dusky red (10R 3/4 moist) fine sand with <1% clay; dry soil; no coarse fragments; pH 6 
A21 10–110 Dark red (10R 3/6 moist) fine sand with <1% clay; moist soil; no coarse fragments; pH 5.5 
A22 110–550+ Dark red (10R 3/6 moist) fine sand with <1% clay; dry soil; no coarse fragments; pH 6 
Soil physical and chemical analysis 
Sample depth 
(cm) 
Particle size (%) pH level EC 
(mS/m) 
SOC 
(%) ESP 
Ca:Mg 
ratio CEC PBI CS FS Silt Clay H2O CaCl2 
0–10  – – – – 6.5 5.7 1.1 0.26 3 2.78 0.49 5.1 
10–40 68 26 <0.1 5.8 6.4 5.7 <1 0.11 2 2.33 0.37 5.2 
50–80 – – – – 5.9 4.9 <1 0.07 8 2.67 0.31 9.6 
80–110 65 30 <0.1 4.8 6.4 5.8 1.4 0.09 3 2.67 0.28 9.6 
 
Sample depth 
(cm) 
Exchangeable cations (cmol(+)/kg) Macronutrients and micronutrients (mg/kg) 
Ca Mg K Na Al N P K S B Cu Fe Mn Zn 
0–10 0.25 0.09 0.03 0.01 0.110 3 3 19 1.2 0.11 0.19 4.40 2.20 0.42 
10–40 0.14 0.06 0.02 <0.01 0.150 1 <2 19 1.5 0.12 0.44 4.83 0.57 0.13 
50–80 0.08 0.03 0.01 0.01 0.177 1 2 <15 2.0 0.10 1.56 3.51 0.40 0.31 
80–110 0.08 0.03 0.03 <0.01 0.143 9 <2 <15 4.1 0.14 0.30 4.58 0.25 0.12 
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Site ID: 0255 
Location: MGA94 Zone 51, 258907mE, 7765494mN 
Local soil name: Red deep sand, rock substrate phase 
WA soil group: Red deep sand; Qualifier: FSV 
ASC: Basic, Arenic, Red-Orthic Tenosol 
Surface condition: Loose 
Native vegetation: Abundant Grevillea refracta, Gardenia pyriformis, Acacia translucens, 
A. tumida 
Soil profile description 
Horizon Depth (cm) Description 
A1 0–15 Dark reddish brown (2.5YR 3/4 moist) sand with 3–5% clay; apedal, massive 
structure; sandy fabric; no coarse fragments 
A2 15–50 Dark red (10R 3/6 moist) sand with 3–5% clay; no coarse fragments 
B1 50–130 Dark red (10R 3/6 moist) clayey sand; no coarse fragments 
B2 130–300 Dark red (10R 3/6 moist) sandy loam; few medium prominent red (2.5YR 4/8 moist) 
biological mottles; no coarse fragments 
R 300–400+ Dark red (10R 3/6 moist) coarse sandy loam; no coarse fragments; weakly weathered 
sandstone from 330cm 
Soil physical and chemical analysis 
Sample depth 
(cm) 
Particle size (%) pH level EC 
(mS/m) 
SOC 
(%) ESP 
Ca:Mg 
ratio CEC PBI CS FS Silt Clay H2O CaCl2 
0–15 – –  – – 6.6 5.9 1.5 0.26 1 4.14 1.65 3.9 
15–50  – –  –  – 6.3 5.4 1.4 0.18 2 3.52 1.28 4.9 
50–90  – –  –  – 6.7 6.1 1 0.17 2 2.64 1.10 7.4 
90–130  – – –  – 6.6 6.0 1 0.23 2 2.37 1.10 12.7 
 
Sample depth 
(cm) 
Exchangeable cations (cmol(+)/kg) Macronutrients and micronutrients (mg/kg) 
Ca Mg K Na Al N P K S B Cu Fe Mn Zn 
0–15 1.16 0.28 0.07 0.02 0.118 5 <2 34 1.4 0.12 0.41 5.46 6.81 0.23 
15–50 0.81 0.23 0.06 0.02 0.155 4 <2 29 2.7 0.14 0.28 6.31 3.17 0.18 
50–90 0.58 0.22 0.07 0.02 0.209 2 <2 39 4.4 0.22 0.14 3.48 1.87 0.12 
90–130 0.57 0.24 0.07 0.02 0.199 <1 <2 34 3.2 0.25 0.10 3.19 0.81 0.04 
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Site ID: 0256 
Location: MGA94 Zone 51, 260234mE, 7766061mN  
Local soil name: Red sandy earth, lateritic phase 
WA soil group: Red sandy earth; Qualifier: NEU 
ASC: Ferric, Dystrophic, Red Kandosol 
Surface condition: Loose 
Native vegetation: Erythrophleum chlorostachys and occasional Grevillea refracta, 
G. pyramidalis 
Soil profile description 
Horizon Depth (cm) Description 
A1 0–10 Dark reddish-brown (2.5YR 3/3 moist) sand with 3–5% clay; no coarse fragments 
A2 10–45 Dark red (10R 3/6 moist) clayey sand; no coarse fragments 
B11 45–110 Dark red (10R 3/6 moist) sandy loam; no coarse fragments 
B12 110–180 Dark red (10R 3/6 moist) sandy loam; no coarse fragments 
B21 180–280 Dark red (10R 3/6 moist) gritty sandy loam; no coarse fragments 
B22 280–450+ Dark red (10R 3/6 moist) gritty sandy loam; 50% fine subrounded ferruginous gravel 
Soil physical and chemical analysis 
Sample depth 
(cm) 
Particle size (%) pH level EC 
(mS/m) 
SOC 
(%) ESP 
Ca:Mg 
ratio CEC PBI CS FS Silt Clay H2O CaCl2 
0–10 63 22 <0.1 14.9 6.3 5.1 <1 0.24 3 3.18 0.99 13.8 
10–45 69 17 1.0 12.7 6.3 5.1 <1 0.2 3 2.88 0.94 13.5 
45–110 56 26 <0.1 18.5 6.4 5.6 <1 0.12 1 2.91 1.09 22.4 
110–180 69 17 <0.1 14.9 6.8 6.2 2.1 0.08 0 3.30 1.36 25.6 
 
Sample depth 
(cm) 
Exchangeable cations 
(cmol(+)/kg) Macronutrients and micronutrients (mg/kg) 
Ca Mg K Na Al N P K S B Cu Fe Mn Zn 
0–10 0.54 0.17 0.07 0.02 0.191 3 <2 39 2.1 0.16 0.23 5.49 5.67 0.24 
10–45 0.49 0.17 0.06 0.02 0.199 2 <2 36 1.8 0.14 0.32 5.04 3.92 0.14 
45–110 0.67 0.23 0.04 <0.01 0.153 1 <2 34 6.7 0.17 0.33 4.33 1.79 0.21 
110–180 0.89 0.27 0.06 <0.01 0.141 2 <2 29 8.8 0.16 0.15 3.63 0.59 0.06 
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Site ID: 0403 
Location: MGA94 Zone 51, 211587mE, 7790679mN  
Local soil name: Red deep sand, earthy phase 
WA soil group: Red deep sand; Qualifier: GSV 
ASC: Sodic, Dystrophic, Red Kandosol 
Surface condition: Loose 
Native vegetation: Chloris gayana (Rhodes grass) 
Soil profile description 
Horizon Depth (cm) Description 
A1 0–10 Dark reddish-brown (2.5YR 3/4 moist) loamy medium sand; wet soil 
A21 10–30 Dark red (2.5YR 3/6 moist) loamy medium sand; wet soil 
A22 30–50 Dark red (2.5YR 3/6 moist) clayey medium sand; moist soil 
B1 50–90 Dark red (10R 3/6 moist) clayey medium sand; moist soil 
B21 90–160 Dark red (10R 3/6 moist) sandy loam; moist soil 
B22 160–280 Dark red (10R 3/6 moist) sandy loam; moist soil 
B23 280–350 Dark red (10R 3/6 moist) sandy clay loam; moist soil 
BC 350–400+ Red (10R 4/6 moist) sandy clay loam; common coarse prominent reddish-yellow 
(7.5YR 6/8 moist) substrate material inclusions; moist soil 
Soil physical and chemical analysis 
Sample depth 
(cm) 
Particle size (%) pH level EC 
(mS/m) 
SOC 
(%) ESP 
Ca:Mg 
ratio CEC PBI CS FS Silt Clay H2O CaCl2 
0–10 – – – – – – – – – – – – 
10–30 83 7 1.0 8.9 7.5 6.6 6.9 0.32 16 2.80 1.77 10.0 
90–160 74 11 <0.1 14.5 8.3 6.8 2.4 0.19 28 3.21 1.29 17.5 
160–200 73 10 2.0 14.8 7.8 6.4 3.8 0.20 29 3.71 1.11 22.9 
240–280 71 13 <0.1 15.5 7.4 6.3 2.3 0.19 14 2.96 1.32 20.1 
280–350 71 12 <0.1 16.5 7.0 6.2 4.9 0.19 12 2.65 1.48 19.0 
350–400 72 11 <0.1 16.6 6.8 6.2 5.3 0.18 9 2.57 1.58 17.0 
 
Sample 
depth (cm) 
Exchangeable cations 
(cmol(+)/kg) Macronutrients and micronutrients (mg/kg) 
Ca Mg K Na Al N P K S B Cu Fe Mn Zn 
0–10 – – – – – – – – – – – – – – 
10–30 0.98 0.35 0.09 0.28 0.070 1 5 46 7.6 0.45 0.38 2.73 3.54 0.38 
90–160 0.61 0.19 0.08 0.34 0.074 <1 <2 41 1.5 0.21 0.27 1.31 0.47 0.16 
160–200 0.52 0.14 0.07 0.30 0.084 5 <2 45 3.0 0.21 0.35 3.11 0.51 0.45 
240–280 0.71 0.24 0.09 0.17 0.113 <1 <2 49 13.4 0.23 0.48 1.24 0.67 0.28 
280–350 0.82 0.31 0.07 0.16 0.121 <1 <2 41 26.8 0.22 0.44 1.15 0.39 0.06 
350–400 0.90 0.35 0.07 0.13 0.128 <1 <2 40 4.8 0.25 0.39 1.30 0.39 0.14 
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Site ID: 0405 
Location: MGA94 Zone 51, 212781mE, 7790129mN 
Local soil name: Red deep sand, earthy phase 
WA soil group: Red deep sand; Qualifier: PSV 
ASC: Basic, Arenic,Red-Orthic Tenosol 
Surface condition: Loose 
Native vegetation: Medicago sativa (lucerne) 
Soil profile description 
Horizon Depth (cm) Description 
A1 0–10 Dark reddish-brown (2.5YR 3/4 moist) loamy sand 
A2 10–30 Dark red (2.5YR 3/6 moist) loamy sand 
B1 30–90 Dark red (10R 3/6 moist) clayey sand 
B2 90–200+ Dark red (10R 3/6 moist) sandy loam 
Soil physical and chemical analysis 
Sample depth 
(cm) 
Particle size (%) pH level EC 
(mS/m) 
SOC 
(%) ESP 
Ca:Mg 
ratio CEC PBI CS FS Silt Clay H2O CaCl2 
0–10 85 8 2.0 4.9 7.1 6.5 9.6 0.39 15 3.33 2.44 6.5 
10–30 87 6 2.0 4.9 7.4 6.7 9.4 0.36 20 2.67 2.06 6.5 
30–90 79 10 <0.1 10.7 8.1 6.6 3.1 0.23 33 2.88 1.13 15.9 
200–220 79 9 <0.1 11.6 6.3 5.9 11.8 0.19 30 2.60 1.47 21.1 
 
Sample depth 
(cm) 
Exchangeable cations 
(cmol(+)/kg) Macronutrients and micronutrients (mg/kg) 
Ca Mg K Na Al N P K S B Cu Fe Mn Zn 
0–10 1.50 0.45 0.07 0.35 0.071 8 7 31 12.9 0.43 0.83 3.02 6.51 0.82 
10–30 1.12 0.42 0.06 0.40 0.057 3 2 26 28.1 0.39 0.54 2.50 4.05 0.47 
30–90 0.49 0.17 0.05 0.35 0.069 <1 <2 34 3.1 0.60 0.29 1.30 2.25 0.11 
200–220 0.65 0.25 0.06 0.42 0.086 <1 <2 40 35.4 0.16 0.39 1.46 0.91 0.07 
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Site ID: 0407 
Location: MGA94 Zone 51, 250120mE, 7776959mN 
Local soil name: Red deep sand, rock substrate phase 
WA soil group: Red deep sand; Qualifier: PSV 
ASC: Basic, Arenic, Red-Orthic Tenosol 
Surface condition: Loose 
Native vegetation: Acacia tumida, A. platycarpa, A. inaequilatera, A. translucens, Owenia 
reticulata, Grevillea pyramidalis, Codonocarpus cotinifolius, 
Erythrophleum chlorostachys 
Soil profile description 
Horizon Depth (cm) Description 
A1 0–20 Dark reddish-brown (2.5YR 3/4 moist) sand with 1–3% clay. Bulk density 1.55g/cm3 
A21 20–50 Dark red (2.5YR 3/6 moist) sand with 1–3% clay. Bulk density 1.6 g/cm3 
A22 50–180 Dark red (10R 3/6 moist) loamy sand 
B1 180–270 Dark red (10R 3/6 moist) clayey sand 
B2 270–300+ Dark red (10R 3/6 moist) sandy loam; few fine distinct reddish-yellow (7.5YR 6/8 
moist) substrate material inclusions 
Soil physical and chemical analysis 
Sample depth 
(cm) 
Particle size (%) pH level EC 
(mS/m) 
SOC 
(%) ESP 
Ca:Mg 
ratio CEC PBI CS FS Silt Clay H2O CaCl2 
0–10 86 8 <0.1 5.9 6.2 5.0 <1 0.45 1 2.64 0.66 12.1 
10–20 89 4 <0.1 6.8 6.3 5.1 <1 0.24 1 2.90 0.52 9.5 
20–50 – – – – – – – – – – – – 
50–180 82 9 1.0 7.8 6.1 5.1 <1 0.17 1 2.08 0.53 15.7 
180–270 80 11 <0.1 8.8 6.0 5.2 <1 0.16 1 1.69 0.58 18.0 
270–300 79 11 <0.1 9.9 6.0 4.9 <1 0.15 1 1.71 0.60 17.2 
 
Sample 
depth (cm) 
Exchangeable cations 
(cmol(+)/kg) Macronutrients and micronutrients (mg/kg) 
Ca Mg K Na Al N P K S B Cu Fe Mn Zn 
0–10 0.37 0.14 0.03 <0.01 0.116 1 <2 18 0.6 0.14 0.22 3.34 2.79 0.21 
10–20 0.29 0.10 0.03 <0.01 0.102 <1 <2 18 1.5 0.10 0.34 1.50 2.03 0.07 
20–50 – – – – – – – – – – – – – – 
50–180 0.25 0.12 0.04 <0.01 0.116 1 <2 22 6.7 0.12 0.41 1.01 0.78 0.22 
180–270 0.27 0.16 0.04 <0.01 0.107 <1 <2 22 10.5 <0.10 0.31 <1.00 0.11 0.06 
270–300 0.29 0.17 0.03 <0.01 0.112 <1 <2 25 13.0 0.10 0.21 <1.00 0.21 0.07 
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Site ID: 0408 
Location: MGA94 Zone 51, 196349mE, 7773762mN 
Local soil name: Red deep sand, rock substrate phase 
WA soil group: Red deep sand; Qualifier: PSV 
ASC: Basic, Arenic, Red-Orthic Tenosol 
Surface condition: Loose 
Native vegetation: Corymbia zygophylla, Acacia ancistrocarpa, A. tumida, A. eriopoda. 
Pindan wattle shrubland with spinifex understorey 
Soil profile description 
Horizon Depth (cm) Description 
A1 0–20 Dark reddish-brown (2.5YR ¾ moist) sand. Bulk density 1.55g/cm3 
A21 20–50 Dark red (2.5YR 3/6 moist) sand. Bulk density 1.6g/cm3 
A22 50–150 Dark red (10R 3/6 moist) loamy sand 
B1 150–250 Dark red (10R 3/6 moist) clayey sand 
B2 250–300+ Dark red (10R 3/6 moist) sandy loam 
Soil physical and chemical analysis 
Sample depth 
(cm) 
Particle size (%) pH level EC 
(mS/m) 
SOC 
(%) ESP 
Ca:Mg 
ratio CEC PBI CS FS Silt Clay H2O CaCl2 
0–10 82 10 1.0 6.8 5.7 4.6 <1 0.58 2 2.70 0.59 13.2 
10–30 82 8 1.0 8.8 6.1 5.1 <1 0.24 1 4.07 0.91 10.6 
30–50 86 5 <0.1 8.7 6.3 5.5 <1 0.18 1 2.37 0.77 13.5 
80–100 80 8 <0.1 11.8 6.3 5.5 <1 0.16 1 1.83 0.81 23.2 
180–200 77 11 2.0 10.7 6.4 5.6 <1 0.15 1 2.04 0.83 18.9 
240–250 80 7 <0.1 12.8 6.4 5.6 <1 0.16 1 2.08 0.90 19.5 
280–300 78 10 <0.1 11.7 6.3 5.6 1 0.15 1 1.96 0.85 20.6 
 
Sample depth 
(cm) 
Exchangeable cations 
(cmol(+)/kg) Macronutrients and micronutrients (mg/kg) 
Ca Mg K Na Al N P K S B Cu Fe Mn Zn 
0–10 0.27 0.10 0.03 0.01 0.175 <1 3 21 0.5 0.14 0.26 3.49 4.20 0.18 
10–30 0.57 0.14 0.04 <0.01 0.159 <1 3 21 0.8 <0.1 0.65 2.45 3.88 0.14 
30–50 0.45 0.19 0.04 0.01 0.077 1 <2 22 1.4 <0.1 0.35 1.86 4.55 0.04 
80–100 0.44 0.24 0.03 0.01 0.089 <1 <2 24 9.7 0.12 0.29 1.13 1.46 0.09 
180–200 0.47 0.23 0.06 <0.01 0.071 <1 <2 31 7.7 0.14 0.27 1.21 0.43 0.04 
240–250 0.50 0.24 0.06 <0.01 0.098 <1 <2 36 9.2 0.20 0.39 1.19 0.25 0.16 
280–300 0.47 0.24 0.04 <0.01 0.104 <1 <2 31 10.4 0.19 0.35 1.03 0.26 0.08 
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Site ID: 0414 
Location: MGA94 zone: 50 810109mE, 7787400mN 
Local soil name: Red deep sand, earthy phase 
WA soil group: Red sandy earth,  
ASC: Sodic, Dystrophic, Red Kandosol 
Surface condition: Loose 
Native vegetation: Medicago sativa (lucerne) and panic grass 
Soil profile description 
Horizon Depth (cm) Description 
A1 0–10 Dark reddish-brown (2.5YR 3/4 moist) loamy sand; moist soil 
A21 10–30 Dark red (2.5YR 3/6 moist) loamy sand; wet soil 
A22 30–75 Dark red (10R 3/6 moist) clayey sand; wet soil 
B1 75–150 Dark red (10R 3/6 moist) gritty sandy loam; moist soil 
B21 150–175 Dark red (10R 3/6 moist) gritty sandy clay loam; moist soil 
BC 175–200+ Dark red (10R 3/6 moist) gritty clay loam, coarse sandy; very few medium distinct 
reddish-yellow (7.5YR 6/8 moist) substrate material inclusions; moist soil 
Soil physical and chemical analysis 
Sample depth 
(cm) 
Particle size (%) pH level EC 
(mS/m) 
SOC 
(%) ESP 
Ca:Mg 
ratio CEC PBI CS FS Silt Clay H2O CaCl2 
0–10 84 9 1.0 5.9 7.0 6.5 7.2 0.57 7 4.78 4.02 8.1 
10–30 82 8 3.0 6.9 8.1 6.8 7.0 0.34 19 5.25 2.60 4.4 
30–75 74 9 1.0 16.4 7.5 6.5 4.4 0.20 12 2.32 1.71 18.6 
75–150 71 8 1.9 19.4 7.7 6.5 3.8 0.24 19 2.42 1.74 24.2 
150–175 72 8 <0.1 20.4 7.9 6.6 3.9 0.22 21 2.67 1.70 25.1 
175–200 70 7 1.9 21.3 7.6 6.2 3.0 0.21 21 1.80 1.82 25.8 
 
Sample depth 
(cm) 
Exchangeable cations 
(cmol(+)/kg) Macronutrients and micronutrients (mg/kg) 
Ca Mg K Na Al N P K S B Cu Fe Mn Zn 
0–10 3.01 0.63 0.05 0.29 0.038 11 12 33 9.7 0.57 0.65 5.40 8.00 0.51 
10–30 1.68 0.32 0.05 0.49 0.058 <1 5 36 7.8 0.35 0.35 2.86 5.02 0.07 
30–75 0.95 0.41 0.06 0.20 0.090 <1 <2 35 11.2 0.85 0.64 2.09 1.70 0.06 
75–150 0.92 0.38 0.06 0.31 0.069 <1 <2 36 9.5 0.59 0.53 1.94 1.33 0.11 
150–175 0.88 0.33 0.06 0.33 0.095 <1 <2 42 9.8 0.69 0.47 1.82 1.07 0.07 
175–200 0.83 0.46 0.07 0.37 0.089 1 <2 42 11.1 0.29 0.51 2.46 0.79 0.12 
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Site ID: 0415 
Location: MGA94 Zone 51, 187313mE, 7787234mN 
Local soil name: Red deep sand, rock substrate phase 
WA soil group: Red deep sand; Qualifier: PSV 
ASC: Basic, Arenic, Red-Orthic Tenosol 
Surface condition: Loose 
Native vegetation: Bare, recently cleared 
Soil profile description 
Horizon Depth (cm) Description 
A1 0–20 Dark reddish-brown (2.5YR 3/4 moist) sand; dry soil. Bulk density 1.45g/cm3 
A2 20–110 Dark red (2.5YR 3/6 moist) loamy sand; dry soil 
B1 110–180 Dark red (10R 3/6 moist) clayey sand; dry soil 
B12 180–240 Dark red (10R 3/6 moist) clayey sand; dry soil 
B2 240–300+ Dark red sandy loam; dry soil 
Soil physical and chemical analysis 
Sample depth 
(cm) 
Particle size (%) pH level EC 
(mS/m) 
SOC 
(%) ESP 
Ca:Mg 
ratio CEC PBI CS FS Silt Clay H2O CaCl2 
0–20 83 8 1.0 7.9 6.2 5.2 1 0.51 2 3.67 1.31 11.0 
110–180 75 11 1.0 13.6 6.5 5.8 1 0.23 2 1.68 1.23 21.4 
180–240 77 10 1.0 11.6 6.5 5.7 1.1 0.24 1 1.61 1.12 19.5 
240–300 75 9 1.9 14.4 6.6 5.8 <1 0.25 2 1.55 1.32 24.6 
 
Sample 
depth (cm) 
Exchangeable cations (cmol(+)/kg) Macronutrients and micronutrients (mg/kg) 
Ca Mg K Na Al N P K S B Cu Fe Mn Zn 
0–20 0.88 0.24 0.07 0.02 0.100 2 <2 32 0.8 0.16 0.23 4.68 7.90 0.14 
110–180 0.64 0.38 0.07 0.02 0.120 <1 <2 36 2.5 0.18 0.51 1.46 0.68 0.14 
180–240 0.58 0.36 0.07 0.01 0.1.00 3 <2 35 3.8 0.21 0.39 1.22 0.60 0.10 
240–300 0.68 0.44 0.07 0.02 0.108 <1 <2 32 4.2 0.26 0.40 1.16 0.46 0.08 
 
Shay Gap soil survey 
92 
Appendix C: Plant available soil water characteristics of 
selected soil types  
We used the CSIRO Soil Water Express model (APSIM n.d.) to estimate water 
characteristics of three model soils of the Shay Gap SA. The soil water profiler was 
populated with statistics on mean particle size from each model soil layer to estimate 
the drained upper limit (DUL), crop lower limit (CLL), plant available water capacity 
(PAWC) and unconstrained soil water storage (SW). Soil parameters were left 
unchanged from the model’s standard. 
The Soil Water Express model has the ability to account for water use variations of 
crops other than wheat (the ‘standard’ crop), which it does by two variables: the ‘crop 
type’ factor and the ‘crop root taper’ modifier. We modified these variables to match the 
growth characteristics of irrigated perennial pasture, which is grown nearby. The crop 
type factor was adjusted to 1.2, which represents the ability of perennial plants to draw 
more water from a drying soil profile than wheat (Ghannoum et al. 2011). The crop root 
taper modifier was adjusted to –15, representing the ability of perennial plants to extend 
their roots to greater depths than wheat. 
 
  
 
Figure C1 Soi l water character ist ics of  the Red deep sand, very deep phase  
  
 
Figure C2 Soi l water character ist ics of  the Red deep sand, earthy phase 
  
  
 
Note: This soil is equivalent to that under the irrigation pivot north of the Shay Gap study area, without compaction. 
Figure C3 Soi l water character ist ics of  the Red sandy earth, normal phase   
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Appendix D: Land capability table for irrigated fodder crops 
and pastures  
Table D1 Land capabi l i ty rat ings for irr igated fodder crops and pastures 
specif ic to the Shay Gap study area  
Land quality and code  
Land capability class 
1 2 3 4 5 
Flood hazard (f) N L M  H 
Land instability hazard (c) N, VL, L  M   
Nutrient (phosphorus) export 
hazard (n) 
L M, H VH E  
pH 0–10cm (zf) Slac, N Mac, Malk Sac, Vsac   
Rooting depth (r) D, VD M  MS S, VS 
Salinity hazard (y) NR  PR MR HR, PS 
Salt spray exposure (zi) N   S  
Site drainage potential (zh) R, W MW M P VP 
Soil water storage (m) H, M, ML L VL   
Soil workability (k) G F  P VP 
Subsurface acidification 
susceptibility (zd) 
L M H   
Subsurface compaction 
susceptibility (zc) 
L, M  H   
Surface salinity (ze) N   S M, H, E 
Trafficability (zk) G F P VP  
Water erosion hazard (e) VL, L M H VH E 
Waterlogging risk (i) N VL  L M, H, VH 
Water repellence susceptibility 
(za) 
N, L, M H    
Wind erosion hazard (w) L M H, VH  E 
Note: The land quality code values are defined in Table D2. 
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Table D2 Land qual ity code values 
Land quality 
(and units of measure) Value codes 
Flood hazard  N (nil), L (low), M (moderate), H (high) 
Land instability  N (nil), VL (very low), L (low), M (moderate), H (high) 
pH 0–10cm (pH in CaCl2) Vsac (very strongly acid: <4.2), Sac (strongly acid: 4.2–4.5),  
Mac (moderately acid: 4.5–5.0), Slac (slightly acid: 5.0–5.5),  
N (neutral: 5.5–7.0), Malk (moderately alkaline: 7.0–8.0), 
Salk (strongly alkaline: >8.0) 
Nutrient (phosphorus) 
export hazard  
L (low), M (moderate), H (high), VH (very high) E (extreme) 
Rooting depth (cm) VS (very shallow: <15), S (shallow: 15–30), MS (moderately 
shallow: 30–50), M (moderate: 50–80), D (deep: >80),  
VD (very deep: >150) 
Salinity hazard NR (none), PR (partial or low), MR (moderate), HR (high), 
PS (saline land) 
Salt spray exposure S (susceptible), N (not susceptible) 
Site drainage potential R (rapid), W (well), MW (moderately well), M (moderate), P (poor), 
VP (very poor) 
Soil water storage  
0–100cm (mm/m of 
available water) 
VL (very low: <35), L (low: 35–70), ML (moderately low: 70–100), 
M (moderate: 100–140), H (high: >140) 
Soil workability G (good), F (fair), P (poor), VP (very poor) 
Subsurface acidification 
susceptibility  
L (low), M (moderate), H (high) 
Subsurface compaction 
susceptibility 
L (low), M (moderate), H (high) 
Surface salinity N (nil), S (slight), M (moderate), H (high), E (extreme) 
Trafficability G (good), F (fair), P (poor), VP (very poor) 
Water erosion hazard VL (very low), L (low), M (moderate), H (high), VH (very high), 
E (extreme) 
Water repellence 
susceptibility  
N (nil), L (low), M (moderate), H (high) 
Waterlogging risk N (nil), VL (very low), L (low), M (moderate), H (high), 
VH (very high) 
Wind erosion hazard L (low), M (moderate), H (high), VH (very high), E (extreme) 
Source: van Gool et al. (2005) 
Note: To assess these land qualities according to their ratings, refer to van Gool et al. (2005). 
  
Appendix E: Land quality ratings for map units in the Shay Gap study area 
Table E1 Land qual ity rat ings for the Nita soi l- landscape map units within the Shay Gap study area 
Land quality (and code) 
Map unit 
117Nt_3d 117Nt_4a 117Nt_4e 117Nt_4s 117Nt_5b 117Nt_5c 117Nt_5g 117Nt_5r 117Nt_5s 
Flood hazard (f) N M L L N N N N N 
Land instability (c) VL N N N M N N N N 
Nutrient (P) export hazard (n) L M M M M H L M L 
pH 0–10cm N N N N Mac Slac Slac N N 
Rooting depth (r) VD VD VD VD MS D M VS VD 
Salinity hazard (y) NR NR NR NR NR PR NR NR NR 
Site drainage potential (zh) R W W R R MW W R R 
Soil water storage (m) L ML ML L L ML VL VL L 
Soil workabilitya (k) G G G G VP VP P VP G 
Subsurface acidification 
susceptibility (zd) 
H H H H M M H L H 
Subsurface compaction 
susceptibility (zc) 
M M H M M M L L H 
Trafficabilitya (zk) P F G G VP F G VP G 
Water erosion hazarda (e) VH VH M M E E M M H 
Waterlogging risk (i) N M L N N L N N N 
Water repellence (za) M M L M L N L L M 
Wind erosion hazard (w) E L M M M L L H H 
a Ratings for selected map units have been modified from van Gool et al. (2005) to suit the landscape of the Shay Gap SA.  
  
Table E2 Land qual ity rat ings for the Cal lawa soi l- landscape map units within the Shay Gap study area 
Land quality (and code) 
Map unit 
117Cl_1b 117Cl_1p 117Cl_2c 117Cl_2g 117Cl_2r 117Cl_3a 117Cl_3d 117Cl_3s 
Flood hazard (f) N N N N N M N N 
Land instability (c) M N N N N N VL N 
Nutrient (P) export hazard (n) M M H L M M L L 
pH 0–10cm Mac Mac Slac Slac Slac N N N 
Rooting depth (r) MS S D M VS VD VD VD 
Salinity hazard (y) NR NR PR NR NR NR NR NR 
Site drainage potential (zh) R R MW W R W R R 
Soil water storage (m) L VL ML VL VL ML L ML 
Soil workabilitya (k) VP P VP P VP G G G 
Subsurface acidification 
susceptibility (zd) 
M H M H L H H H 
Subsurface compaction 
susceptibility (zc) 
M L M L L M M H 
Trafficabilitya(zk) VP VP F G VP F P G 
Water erosion hazarda (e) E L E M M VH VH H 
Waterlogging risk (i) N N L N N M N N 
Water repellence (za) L N N L L M M L 
Wind erosion hazard (w) M M L L H L E H 
a  Ratings for selected map units have been modified from van Gool et al. (2005) to suit the landscape of the Shay Gap SA. 
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Appendix F: Soil-landscape map of the Shay Gap study area 
Soil-landscape map units
Nita System (117Nt) Callawa System (117Cl)
Alluvial channel (Cl3a)
Dune (Cl3d)
Gravel rise (Cl2g)
Pallid clay (Cl2c)
Plateau surface (Cl1p)
Rock outcrop (Cl2r)
Sandsheet rise (Cl3s)
Scree slope and breakaway (Cl1b)
Alluvial channel (Nt4a)
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Gravel rise (Nt5g)
Pallid clay (Nt5c)
Rock outcrop (Nt5r)
Sandsheet (Nt4s)
Sandsheet rise (Nt5s)
Sandsheet, earthy (Nt4e)
Scree slope and breakaway (Nt5b)
Shay Gap study area boundary
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Soil-landscape map of the Shay Gap study area
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Projection:  Transverse Mercator
Datum:  Geographic Datum of Australia 1994
Grid:  Map Grid of Australia 1994 zone 50
Source data:  Soil-landscape mapping carried
     out by DPIRD Land and Water Assessment, 2018.
     Road centreline data from Landgate, 2018.
     Aerial photography supplied by Landgate,
     Cooragoora August 2012.
Date:  September 2018
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Shortened forms 
Short form Long form 
ASC Australian Soil Classification 
AHD Australian Height Datum 
Al aluminium 
APSIM Agricultural Production Systems Simulator 
B boron 
BoM Bureau of Meteorology 
°C degrees Celsius 
CEC cation exchange capacity 
CSIRO Commonwealth Scientific and Industrial Research Organisation 
Ca calcium 
CaCl2 calcium chloride 
cm centimetre 
cmol(+)/kg centimoles of positive charge per kilogram of soil 
Cu copper 
CS coarse sand 
DPIRD Department of Primary Industries and Regional Development 
DSM digital soil mapping 
EC electrical conductivity  
ESP exchangeable sodium percentage 
FSV fair sand, very deep (a WA soil group qualifier) 
Fe iron 
FS fine sand 
g/cm3 grams per cubic centimetre 
GIS geographic information system 
GPS global positioning system 
GSV good sand, very deep (a WA soil group qualifier) 
H2O water 
K potassium 
km kilometre 
Ksat saturated hydraulic conductivity 
m metre 
m/d metres per day 
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Short form Long form 
Mg magnesium 
MGA94 Map Grid of Australia 1994 
mg/kg milligrams per kilogram 
mg/L milligrams per litre 
mm millimetre 
Mn manganese 
mS/m millisiemens per metre  
N nitrogen 
Na sodium 
P phosphorus 
PBI phosphorus buffering index 
pHCa soil pH as measured in a one part soil to five parts 0.01 molar calcium 
chloride solution 
PSV poor sand, very deep (a WA soil group qualifier) 
S sulfur 
SA study area 
SOC soil organic carbon 
t/m3 tonnes per cubic metre 
WA Western Australia 
Zn zinc 
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